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SECTION  I 


I  INTRODUCTION 


BACKGROUND 


The  Joint  DoD-NASA-DoT  Study  of  Research  and  Development  Contri¬ 
butions  to  Aviation  Progress  (RADCAP)  traces  its  origins  to  a  report 
issued  by  the  Senate  Committee  on  Aeronautical  and  Space  Sciences  in 
January  1968.  This  Committee  recommended  that  ”an  ^n-depth  6tady 
6hould  be  made  to  maZijzo,  tht  KoXatiovi^kip  beJwtzn  bemitt6  that 
accAuz  to  the,  Nation  (^nom  aotatton  and  the  level  Ojj  aeAonaatieal  flBV 
eiio^t,**  The  Committee  also  suggested  that  the  study  might  include 
"a  deXatled  analy^t^  the  cUveAgence  o^  mttitoAy  and  ctvtX^Can  aoAo- 
nauttcaZ  AequAAeme^vU  in  cAdeA  to  at^e^6  betteA  the  diminishing  bene¬ 
fits  to  civilian  needs  fAom  militoAy 

In  response  to  these  recommendations,  as  well  as  to  a  report 
prepared  by  the  House  Subcommittee  on  Advanced  Research  and  Technology 
in  March  1970,  a  Joint  DoT-NASA  Civil  Aviation  Research  and  Develop¬ 
ment  PoUcy  Study,  or  ’’CARD*’  Study,  was  initiated,  with  the  report 
being  published  in  March  1971.  This  study  placed  emphasis  on  an 
examination  cf  civil  aviation  benefits  to  the  Nation,  the  relationship 
of  research  and  development  to  these  benefits,  the  criteria  for 
Government  support  of  civil  aviation,  and  the  identification  of  R6D 
needs  appropriate  to  continued  advance  in  the  future. 

Since  the  CARD  Study  examined  military  contributions  only  in  a 
general  sense,  Mr.  William  M.  Magruder,  Special  Consultant  to  the 
President,  suggested  in  a  9  September  1971  Memorandum  to  Mr.  David 
Packard,  then  Deputy  Secretary  of  Defense,  that  a  detailed  study 
should  be  conducted  to  show  the  following:  first,  the  flow  of  mili¬ 
tary  technology  that  has  made  the  U.  S.  civil  air  transport  industry 
dominant  in  the  free- world;  and  second,  the  changes  in  military  re¬ 
quirements  that  might  indicate  that  this  flow  of  technology,  or  per¬ 
haps  the  timing  of  this  flow,  may  no  longer  be  of  the  same  nature  as 
in  prior  years.  The  DoD  agreed  that  such  a  study  could  highlight  the 
bonus  effects  of  military  programs  and  be  valuable  to  civil  aviation 
planning.  The  result  was  the  initiation  of  the  PJVDCAP  review. 


I-l 


STUDY  OBJECTIVES 

Specific  objectives  of  the  RADCAP  Study  were  defined  as  follows 

•  To  tkt  majon.  tdchnclcgicaZ  advances  that  havo. 

been  made,  tn  avA.jatton  6tnce.  1925  -  Including  background, 
6pan^oA,  u&e/i,  apptication,  tuning,  and  trends. 

•  To  6hoLC  the  releoancy  o{^  cuAAcntiy  planned  and  funded  VoV 
aeronautical  RSV  programs  to  the  RBV  need6  oi  civil  tran& 
port  aviation  -  research  and  technology,  development, 
application,  and  transfer  proce66* 


ORGANIZATION  AND  DIRECTION 


Overall  guidance  and  direction  for  the  study  was  provided  by  a 
Steering  Group  comprised  of  representatives  from  the  DoD,  NASA»  and 
the  DoT.  The  Study  Team  consisted  of  a  Working  Group  and  nine  Work¬ 
ing  Group  Panels.  Principal  participants  are  listed  inside  the  back 
cov'er  of  this  Summary  Report  (Volume  I  of  the  study  report).  The 
Working  Group  Panels  accomplished  the  primary  effort  associated  with 
RADCAP's  objectives,  and  the  detailed  results  are  incorporated  in  the 
Appendices  to  this  report  (Volume  II).  The  ’’Appendices"  listing  also 
is  included  inside  the  back  cover  of  this  Volume. 

During  the  conduct  of  the  study,  maximum  use  was  made  of  exist¬ 
ing  data  and  documentation,  as  reflected  in  the  Bibliography,  and  the 
CARD  Study  was  used  as  the  source  for  the  civil  aviation  R5D  needs 
that  are  discussed  in  the  RADCAP  report.  A  substantial  amount  of 
historical  data  was  obtained  from  ’’old-timers”  in  the  R5D  community, 
and  only  the  major  contributions  and  technological  advances  in  avia¬ 
tion,  as  assessed  by  the  Study  Team,  have  been  highlighted  in  the 
study  report.  In  addition,  the  focus  of  this  study  was  on  transport 
aviation,  rather  than  on  the  fighter,  interceptor,  or  bomber  aircraft 
that  are  purely  military  in  nature.  Finally,  the  RADCAP  report  has 
been  kept  unclassified  in  order  to  facilitate  the  distribution  and 
general  use  of  the  information  contained  herein. 


INCLUSIONS  AND  EXCLUSIONS 


As  the  study  progressed,  it  quickly  became  clear  that  the  mili¬ 
tary  services  have  made,  and  will  continue  to  make,  many  significant 
contributions  to  the  progress  of  aviation.  DoD  investments  in  the 
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design,  development,  production,  and  operation  of  aircraft  for  the 
defense  mission,  and  in  related  research  and  technology,  have  led  to 
advances  over  a  broad  range  of  technical  disciplines  and  RDT^E  activ¬ 
ities:  propulsion,  materials,  specifications,  manufacturing  technol¬ 
ogy,  meteorology,  plant  and  test  facilities,  electronics,  and  the 
like.  It  also  became  clear  that  most  technological  advances  involve 
many  disciplines  and  many  agencies,  and  that  growth  in  aviation  is  a 
very  complex  and  interactive  process.  This  requires  organizations, 
dedicated  and  responsive  to  their  individual  missions,  to  work  to¬ 
gether  to  develop  the  common  base  of  knowledge  needed  by  all.  Thus, 
although  NASA,  DoT,  and  other  Government  and  private  agencies  direct 
much  of  their  attention  to  civil  aviation,  they  also  provide  signifi¬ 
cant  support  to  the  military.  For  this  reason,  NASA,  DoT  and  other 
agency  programs  that  are  joint  with  the  military,  or  that  relate  to 
military  needs  and  efforts,  also  are  included  in  this  report.  How¬ 
ever,  major  emphasis  has  been  placed  on  DoD  activities,  and  NASA  and 
DoT  participation  has  been  primarily  for  background  information  and 
general  expertise. 

It  also  is  important  to  note  that  the  RADCAP  Study  is  concerned 
only  with  the  relevancy  of  military  aeronautical  R§D  programs  to 
civil  aviation  R§D  needs,  and  not  with  the  "adequacy"  of  these  pro¬ 
grams  in  fulfilling  these  needs.  The  issue  of  adequacy,  or  "suffic¬ 
iency",  v/ould  involve  a  very  different  kind  of  effort.  Similarly, 
the  RADCAP  Study  does  not  address  the  financing,  competition,  or  other 
current  issues  of  civil  transport  aviation.  It  if  expected  that  these 
questions  will  be  addressed  by  other  agencies  in  other  studies. 

SUMMARY  REPORT  ORGANIZATION 


•  Section  II  of  this  report,  which  fallows,  contains  a  summary 
of  the  results  of  the  RADCAP  Study.  Included  are  observations  derived 
from  the  review  of  significant  technological  advance,  overview  remarks 
on  the  "relevancy"  discussion,  and  the  findings  of  the  study. 

#  Section  TII  includes  the  review  of  the  progress  that  has  been 
trade  in  aviation  since  1925  and  a  summary  of  the  significant  techno¬ 
logical  advancements  that  have  occurred. 

#  Section  IV  examines  current  and  planned  military  aeronautical 
"research  and  technology"  programs,  and  assesses  their  relevancy  to 
the  aeronautical  R^D  needs  of  civil  aviation,  as  identified  by  the 
CARD  Study. 

•  Section  V  describes  the  relationship  of  the  development  base 
generated  by  military  programs  to  the  needs  of  civil  airliner  design, 
development,  and  production.  Included  are  relevancy  and  trend  assess¬ 
ments  on  the  hardware  transfer  process. 
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#  Section  VI  contains  information  on  aeronautical  R5D  funding. 
Costs  and  trends  in  aircraft  development  are  also  discussed. 


®  Section  VII  outlines  the  findings  and  observations  of  the 
RADCAP  Study.  These  also  have  been  summarized  in  Section  II. 
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SUMMARY 

The  Joint  DoD-NASA-DoT  Study  of  Research  and  Development  Contri¬ 
butions  to  Aviation  Progress  (RADCAP)  was  initiated  in  mid-December 
1971  to  examine  the  flow  of  technology  from  military  aeronautical 
research  and  development  to  civil  aviation.  The,  6Xudi/  Mi6  dedyCgned 
to  accomptUh  two  ^peci^te  objective^:  (I)  to  tdeyvUiy  the  majofi 
technoiogtcat  advances  that  huive  been  made  in  aviation  Mnce  1925; 
and  (2)  to  <\how  the  relevancy  ciwient  and  planned  militoAy  ae/co- 
nautical  ^e^eoAch  and  development  to  the  RBV  neecU  civil,  aviation. 
In  essence,  the  study  was  a  review  of  the  bonus  effects  of  military 
aeronautical  R§D  programs  on  civil  aviation,  and  an  assessment  of 
what  these  might  be  in  the  future. 


MAJOR  TECHNOLOGICAL  ADVANCES 


The  historical  review  of  aviation  progress  in  the  United  States 
resulted  in  the  identification  of  51  major  technological  advances 
occurring  since  1925  that  were  considered  by  the  RADCAP  Study  Team  to 
be  especially  significant.  The  review  was  divided  into  four  time 
periods:  1925-1940,  1941-1950,  1951-1960,  and  1961-1972.  The  results 
of  the  review  show  that  there  were  approximately  the  same  number  of 
advances,  and  approximately  the  same  number  of  advances  per  year,  in 
each  of  the  time  periods.  The  period  that  included  World  War  II  con¬ 
tained  the  greatest  number  of  advances  per  year,  indicating  the 
effects  of  the  large  wartime  effort. 

The  year  of  1925  was  selected  for  beginning  the  study  due  to 
the  increase  in  public  awareness  of  aviation,  and  the  resultant  activ¬ 
ity  that  was  directed  to  aviation,  at  about  that  time.  U.  S.  aviation 
really  began  prospering  and  growing  in  the  late  Twenties.  A  large 
number  of  the  early  advances,  which  were  largely  airframe  and  engine 
oriented,  were  stimulated  by  civil  aviation  needs,  and  nearly  all  were 
influenced  by  the  work  of  Government  agencies. 

E6pccially  6ince  WoAld  luJoA  IT,  milttoAij  6pon60A6hip  and  ^i/ut 
LU>e  have  chaaacteAized  mo6t  o^  the  6igniiicant  technological  advances 
t'lat  have  been  made.  FnAthe/unone,  miliXa/iy  Ae^eaxch,  development, 
te^t,  and  evaluation  uj^ually  have  provided  the  badi^  ^OA  the  accept¬ 
ance  and  a6e  by  civil  aviation  o^  the  techi'io logical  advancements.  The 
jet  airliner  is  probably  the  best  example  of  the  civilian  application 
of  the  military  sponsored  research,  development,  and  production  base. 
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About  70  percent  of  the  major  technological  advances  in  aviation 
since  1925  are  the  result  of  military  sponsorship.  Another  20  per¬ 
cent  were  sponsored  by  civil  agencies  of  the  Government.  The  remain¬ 
ing  advances  were  sponsored  by  the  private  sector,  including  aero¬ 
space  and  airline  industries. 

The  6zZe,cXz.d  advances  cuit  dcje/ue.  in  ncutuAQ,,  6o  tkeAt  oaq,  uiide, 
voAMitiotu  in  tho,  time,  lag^  expe/ueficed  betoeen  the  expe/iimentaZ 
demonstnatcon  of  a  significant  technological  advance  and  the  fiA/^t 
opeAotional  lue  by  mtUtoAy  oa  civil  aviation.  However,  the  average 
time  lags  for  the  advances  studied  were  3.04  years  for  the  military, 
and  5.19  years  for  civil  aviation.  The  shorter  time  lag  to  use  by 
the  military  reflects  the  urgency  often  associated  with  the  superior 
ae*onautical  performance  required  for  the  national  defense. 

The  Study  Team  ms  impressed  by  the  fact  tiiat  the  f^iogAess  of 
aviation  has  been  nwiked  by  the  efforts  of  many  cont/UbutoAS.  Sev¬ 
eral  advances  have  had  their  basic  origins  in  foreign  countries,  with 
the  U.  S.  exploiting  them  in  further  development  and  use.  Also,  tech¬ 
nical  disciplines  and  sciences  in  many  areas  are  involved,  such  as 
those  in  meteorology,  human  factors,  and  aviation  medicine  that  are 
often  not  considered.  In  addition,  Government  non-defense  agencies, 
whether  the  need  has  developed  from  military  or  private  sector  avia¬ 
tion  sources,  have  been  key  contributors  to  the  progress  that  has  been 
achieved. 

Another  observation  is  that  recent  advances  show  a  trend  to 
total  system  consideration  in  growing  recognition  of  the  fact  that 
the  aircraft  itself  is  only  one  part  of  a  larger  capability  problem. 
The  military  has  pioneered  in  this  area  of  integrated  system  design, 
and  now  civil  aviation  is  adopting  a  similar  approach. 


MILITARY  '^TECHNOLOGY**  RELEVANCY  TO  CIVIL  AVIATION  NEEDS 


The  current  a::d  planned  VoV  aeronautical  research  and  technol¬ 
ogy  programs  were  reviewed  and  compared  with  the  R5P  needs  of  civil 
aviation.  The  related  or  joint  efforts  of  other  Government  agencies 
also  were  inchded  in  the  review.  This  assessment  shows  that  the 
relevancy  of  these  military  efforts  to  the  RSV  needs  of  civil  avia¬ 
tion  is  high,  and  that  this  relationship  is  expected  to  continue  in 
the  future. 

The  major  problems  of  civil  aviation  that  require  increased 
emphasis  and  high  priority  R§D  programs,  as  outlined  in  the  recently 
completed  Joint  DoT-NASA  Civil  Aviation  Research  and  Development 
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(CARD)  Policy  Study,  are  noise  abatement,  relief  of  congestion  in 
areas  of  high  traffic  density,  and  low  density  short-haul  transporta¬ 
tion.  Additionally,  there  are  other  problems  of  high  importance  to 
the  future  of  civil  aviation,  especially  those  relating  to  long-haul 
transportation  (including  the  possible  advanced  supersonic  transport 
consideration),  air  pollution,  air  cargo  and  the  broad  technology 
base  supporting  all  of  these. 

In  both  noise  abatement  and  air  pollution,  the  military  sewices 
are  major  participants  in  several  interagency  programs,  and  separately 
are  conducting  a  wide  variety  of  fundamental  research  and  technology 
programs.  In  noise  abatement,  however,  the  military  projects  are  just 
getting  underway,  and  so  the  relevancy  assessment  is  **low**,  with  an 
upward  trend  indicated.  In  air  pollution,  on  the  other  hand,  the 
military  has  been  active  for  several  years,  so  the  relevancy  assess¬ 
ment  is  "moderate**,  with  an  upward  trend  also  indicated. 

In  the  airways  aspect  of  congestion,  it  is  clear  that  the  mili¬ 
tary  services  have  many  important  air  traffic  control,  navigation, 
and  communication  research  and  technology  programs.  Accordingly,  a 
**high**  relevancy  rating  is  assigned.  Regarding  the  airport  aspect  of 
congestion,  however,  only  military  runway  efforts  seem  pertinent  to 
the  civil  problem.  Thus,  the  relevancy  assessment  is  **low**.  No 
change  in  trend  in  either  case  is  anticipated. 

The  degree  of  compatibility  between  military  research  and  tech¬ 
nology  programs  and  the  short-haul  transportation  R§D  needs  of  civil 
transport  aviation  also  is  clearly  **high**.  The  numerous  helicopter, 
STOL,  and  VTOL  efforts  of  the  military  certainly  will  be  beneficial 
to  civil  aviation. 

In  long-haul  transportation,  there  are  several  significant  mili¬ 
tary  research  and  technology  efforts  with  important  spin-off  possi¬ 
bilities.  However,  only  a  ‘'moderate**  relevancy  assessment  was  made 
because  it  cannot  be  shown  that  the  military  projects  are  broad-base 
in  nature  when  all  of  the  long-haul  R§D  needs  are  considered.  In 
addition,  a  downward  trend  is  indicated  because  the  military  does  not 
have  any  long  range  transport  aircraft  development  programs  under 
active  consideration  at  this  time.  Thus,  the  extent  and  number  of 
future  military  R^D  programs  in  this  area  could  decrease. 

In  air  cargo  RSD,  relatively  few  new  military  projects  are  in 
progress,  liowever,  because  of  past  work,  and  ’'?cause  improvements  in 
cargo  handling  and  containerization  still  are  being  made,  a  "moderate" 
rating  has  been  assigned. 

Finally,  the  relevancy  of  the  underlying  technology  base  devel¬ 
oped  as  a  result  of  military  programs  is  excellent  in  all  of  the  dis¬ 
ciplines,  and  a  "high"  relevancy  assessment  is  the  result. 
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MILITARY  "DEVELOPMENT"  RELEVANCY  TO  AIRLINER  DEVELOPMENT 


A  review  of  the  contributions  of  the  military  aeronautical 
"development”  base  to  civil  transport  aviation  also  was  accomplished. 
Six  case  studies  were  made  to  examine  the  application  and  transfer  of 
aeronautical  technology  and  hardware  to  civil  airliner  design,  devel¬ 
opment,  and  production. 

Jt  16  cloxVL  that  the.  mWitoAij  technology  and  hoAdmAe  deveZoped 
ioA  the  po6t-l^'oAld  WoA  11  6U}ept  taing  jet  poiveAed  cuAcAa^t  pAovtded 
the  ba6l6  iAom  u)htch  the  iiA6t  cormeACAol  6ub6ontc  jet  tAan6poAt6 
mAe  developed  and  pAoduced.  However,  a  reduction  in  large  railitary 
aircraft  development  beginning  in  the  m.id- 1950s  has  diminished  the 
direct  transfer  of  hardware,  and  the  direct  application  of  the  mili¬ 
tary  development  base  (manufacturing  technology,  tooling,  plant  and 
test  facilities,  production  methods,  etc.),  to  the  development  of 
civil  airliners  and  transports. 

The  Aecent  tnltiatton  o^  mtHtoAy  pAototype  pAogAam6^  togetheA 
i^xith  a  contttuUitg  6tAong  RSV  pAogAom,  uuM  deinon6tAate  the  ^(MtbtZ- 
AJty  and  opeAatZ.onal,  capabtJUtte6  new  aeAonaatlcal  conceptd.  For 
example,  the  proposed  Advanced  Medium  STOL  Transport  prototype  could 
provide  much  of  the  design  data  and  experience  needed  for  development 
of  a  commercial  Medium  STOL  Transport  for  short-haul  transportation. 

In  this  area,  the  do\^ward  trend  in  hardware  transfer  may  improve. 

The  tAend  in  the  tAan^^cA  oi  hoAdmAe  and  development  expeAcence 
^Aom  the  militoAy  to  loAge  long-haul  commeAcial  oiAcJiait  devel,opment 
ha6  been  dcmoaAd,  Even  though  much  fundamental  work  in  technology 
is  underway,  the  future  is  uncertain.  If  an  improved  subsonic  com¬ 
mercial  airliner  should  be  desired,  the  transfer  could  be  significant. 
However,  if  an  advanced  supersonic  transport  should  be  desired,  espe¬ 
cially  if  needed  by  the  mid-1980s,  development  effort  would  have  to 
be  expanded  and  acceb- .ated.  The  current  absence  of  a  firm  military 
need  for  a  new  long-haul  transport,  either  high  subsonic,  transonic, 
or  supersonic,  could  significantly  impact  the  technology  and  develop¬ 
ment  base  that  historically  has  existed  in  the  long-haul  area. 


MILITARY  AERONAUTICAL  FUNDING  TRENDS 


The  long  tenm  tAend  in  U,  S.  aeionautical  RSV  expendituAe^  ij, 
upexLAd  (^oA  all  thAee  majoA  elejnent6  o(,  the  total:  Tedenal  deien6e, 
fedcAal  non-de^en6e,  and  indu6tAy,  Unless  there  is  a  complete  rever¬ 
sal  in  national  aeronautical  goals,  the  general  increase  in  funding 
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for  aeronautical  R§D  is  expected  to  continue.  With  economic  escala¬ 
tion  considered,  the  trend  is  still  slightly  upward  for  all  elements. 
However,  since  1954,  the  availability  of  aeronautical  R5D  funds,  taken 
as  a  percentage  of  the  ever-increasing  Gross  National  Product  (GNP) , 
has  suffered  a  severe  reversal  in  the  former  upward  trend. 

Vzvelojormnt  C06t6  oi  cuACJia^t  havz  been  ^/.ng  much  moKc  /lap- 
IdZij  than  the  Kate  OjJ  tnc/icoUie  in  aeAonautlcat  RBV  iuncU,  The  costs 
have  risen  because  modern  aircraft,  whether  military  or  civilian,  have 
become  increasingly  complex  and  sophisticated  in  the  drive  for  im¬ 
proved  performance  and  productivity.  Any  decrease  in  the  relevancy 
of  the  military  aeronautical  R§D  program  to  the  needs  of  civil  avi¬ 
ation  could  add  even  further  to  the  already  increasing  costs  of  civil 
airliner  development. 

SUMMARY  OF  STUDY  FINDINGS 


The  findings  are  based  on  the  assumption  that  currently 
funded  and  programmed  military  aeronautical  R§D  programs  will  con¬ 
tinue  to  completion.  The  findings  of  the  RADCAP  Study  are  summarized 
below: 

•  Government  sponsorship,  primarily  military,  has  provided 
most  of  the  significant  technological  advances  that  have  been  made 
in  U.S.  aviation. 

•  Early  military  application  of  technological  advances  in 
accomplishing  the  defense  mission  has  provided  the  basis  for  their 
acceptance  and  use  in  civil  aviation. 

•  Other  bonus  effects,  or  spin-off  benefits,  of  military  aero¬ 
nautical  RIJD  have  been  extensive  -  manufacturing  technology  and  tech¬ 
niques,  production  methods,  tooling,  and  plant  an'*  test  facilities. 

•  The  military  aeronautical  R§D  program,  in  support  of  defense 
objectives,  will  continue  to  be  substantial. 

•  With  possible  exceptions  in  the  area  of  large,  long  range 
transonic  and  supersonic  cruising  aircraft,  the  research  and  tech¬ 
nology  generated  by  the  military  R^D  program  will  continue  to  be 
available  for  civil  aviation  application,  essentially  as  in  the  past. 
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•  The  benefits  accruing  to  civil  aviation  from  the  military 
sponsored  development  and  production  base,  however,  have  decreased 
in  both  relevance  and  importance. 

•  In  short-haul  transportation,  the  downward  trend  in  the 
hardware  transfer  process  should  reverse,  and  relevancy 
should  begin  to  improve. 

•  In  long-haul  transportation,  little  change  to  the  current 
’’low-to-nioderate"  relevancy  status  is  forecast. 
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SECTION  III 

^1AJ0R  TECHNOLOGICAL  ADVANCES  IN  AVIATION 


This  section  of  the  RADCAP  report  summarizes  the  major  techno¬ 
logical  advances  that  have  been  made  in  aviation  since  1925.  The 
discussion  is  divided  into  four  time  periods:  1925-1940,  1941-1950, 
1951-1960,  and  1961-1972.  Each  review  is  preceded  by  a  brief  resume 
of  the  important  historical  events  that  impacted  on  the  progress  of 
aviation  during  the  period  under  discussion. 

As  noted  in  the  introduction,  the  selection  of  a  relatively  few 
’’major  technological  advances”  from  the  many  achievements  that  have 
marked  the  growth  of  aviation  was  a  very  difficult  and  subjective 
process.  The  rationale  or  criteria  used  in  selecting  a  particular 
advance  as  "major”  centered  on  timeliness,  magnitude,  and  overall 
applicability  to  aviation  progress.  A  major  consideration  was  the 
value  of  the  advance  to  the  solution  of  R§D  problems  slowing  growth 
in  aviation,  or  to  the  removal  of  obstacles  preventing  desired 
improvements  in  aircraft  capability.  Assessments  were  made  on  the 
basis  of  available  data  and  documentation,  on  the  recollections  and 
judgment  of  the  Study’s  advisors,  and  on  a  careful  evaluation  of  the 
total  worth  of  the  listed  advance  to  the  overall  progress  of  avia¬ 
tion. 

L^Utiyig-A  tdckficlcgical  advanco^  ^uck  a6  tkoAz  compiZtd  in 
tIrJji  AcpoAt  do  not  recognize,,  homvcA,  the  many  otkeA  advances,  the 
va^t  amount  Cfj  bcuic  ^e^ejoAch,  the  paindtaking  development  of 
engineering  data,  the  complex  and  varied  interactiond  o^  oeople  and 
organization^,  the  dynamic  iivterchange  o^  information  and  idejUi,  or 
the  magnitude  of  the  total  national  involvement  that  have  made  it 
all  po66ib£e,  Thcte  con!>iderationi>  almy^  miut  be  regarded  cub 
boubic  and  vital  ingredientb,  oa  foundationb,  to  any  technological 
achievement. 

The  singularly  important  role  of  ground  and  flight  test 
facilities  in  the  development  of  aeronautical  systems,  for  example, 
>as  not  been  specifically  addressed  in  the  RADCAP  report.  However, 
the  contributions  of  the  U.S.  Government  in  providing  the  expensive 
test  facilities  so  necessary  to  the  development  of  modern  aircraft 
must  be  recognized  throughout  this  report  on  aviation  progress.  The 
test  facility  story,  like  many  others,  is  an  entity  in  itself. 
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AMERICAN  AVIATIOrj  IN  1923 


The  year  of  1925  was  selected  as  the  appropriate  starting 
point  for  RADCAP’s  historical  review  of  aviation  progress  because  of 
the  rebirth  of  purpose  and  general  reawakening  that  began  to  charac¬ 
terize  U.S.  aviation  during  that  year.  Even  though  the  airplane  had 
been  developed  and  flown  by  the  Wright  Brothers  in  the  United  States 
in  1903,  foreign  nations  were  the  first  to  recognize  the  outstanding 
potential  of  this  machine.  By  1914,  for  example,  when  World  War  I 
began,  Germany,  France,  and  England  had  over  2,200  combat  airplanes 
ready  for  action.  By  contrast,  the  U.S.  had  produced  less  than  50 
military  aircraft  by  that  date,  and  only  a  few  more  civil  aircraft  - 
about  60.  Though  production  of  aircraft  increased  dramatically  in 
the  U.S.  during  the  war  years  to  a  peak  of  over  14,000  in  1918,  the 
end  of  the  war  brought  this  upward  trend  to  a  sudden  halt.  In  1922, 
a  post-war  low  was  reached  when  only  263  new  military  and  civilian 
aircraft  were  produced. 

T/ie  6'Uacitcon  tocu  not  mack  dt^^cAcnt  tn  eoAly  1925.  CaptXal 
invented  in  the  aviation  inda^tAij  had  la/igely  been  ivithdAown;  engi- 
nee/aeng  taient  had  ^catteAed;  and,  except  ^oa  the  ai/i  mail.  ^cAvice, 
GoveAment  inteAe6t  low.  The  only  aviation  lead  that  the  U.S. 
could  clam  wcu  in  night  (flying,  foreign  goveAment& ,  on  the  otheA 
hand,  had  exhibited  keen  inteAe^t  in  developing  aviation  06  a 
valuable  meat'ii  tAan6poatatlon.  They  ^oullnely  4>upponled  theiA 
aiA  t^an^po station  induAtAiCyi ,  and  mil.cj>  ^lown  oveA  aegaloAly 
operated  aia  ncuteb  in  EiAope  exceeded  tho6e  o<(  the  U.S.  by  thtee  to 
one. 

Fortunately,  however,  many  Americans  had  recognized  the  lagging 
position  of  this  country  in  aeronautical  research.  In  1911,  for 
example,  a  proposal  was  made  to  Congress  that  the  Smithsonian 
Institute  be  given  responsibility  for  establishing  an  Aeronautical 
Research  Laboratory.  When  Congress  did  not  approve,  the  Smithsonian 
tl\en  recommended,  in  1915.  that  a  National  Advisory  Committee  for 
Aeronautics  be  established.  Congress  approved,  and  the  NACA,  to 
become  NASA  in  1958,  was  born.  Two  years  later  work  began  on  its 
new  laboratory  -  the  Langley  Memorial  Aeronautical  Laboratory,  now 
the  Langley  Research  Center  -  near  Hampton,  Virginia. 

Soon  thereafter,  an  Act  of  Congress  in  July  1921  created  the 
Navy  bureau  of  Aeronautics  with  responsibilities  in  matters  pertain¬ 
ing  to  Naval  Aviation,  and  in  March  1924  the  House  established  the 
Lamport  Committee  to  examine  questions  and  issues  pertaining  to 
U.S.  air  services. 

Later,  in  1925,  the  Department  of  Commerce  and  the  American 
Engineering  Council  roimed  a  joint  committee  to  survey  the  national 
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development  of  commercial  aviation  in  the  United  States.  Its 
recommendations  on  air  navigation,  facilities,  licensing  of  pilots, 
inspecting  and  registering  aircraft,  and  promoting  public  confidence 
and  interest  helped  set  t}:e  stage  for  the  rapid  growth  soon  to 
follow.  One  of  the  recommendations,  of  particular  interest  to  this 
report,  was  that  Government  should  carry  on  fundamental  research  in 
furthering  the  cause  of  civil  aviation.  In  addition,  in  1925, 
President  Coolidge  responded  to  the  years  of  compromise  and  contro¬ 
versy  over  aviation,  and  particularly  to  the  public  outcry  raised  by 
the  criticisms  of  Billy  Mitchell,  by  appointing  the  Morrow 
Commission  to  study  the  best  means  of  "developing  and  applying 
aircraft  in  the  national  defense"  and  "creating  a  strong  commercial 
service"  to  support  this  capability.  Among  the  actions  resulting 
from  the  Commission's  findings  were  the  establishment  of  the  Army 
Air  Corps  and  the  passage  of  the  Air  Commerce  Act,  both  in  1926. 

All  of  these  events,  then,  reflected  a  new  interest  in  the 
airplane  and  its  potential.  Tlie  stage  was  set  for  the  rapid  growth 
and  advancement  that  soon  would  permit  the  United  States  to  become 
the  world's  foremost  nation  in  aeronautical  achievement. 


AMERICAN  AVIATION  -  1923-1940 


GROWIH  AND  PROGRESS 

The  poAiod  {^Kom  1925  to  .940  one  tn  u)kich  thi  (I.S.  cZejoAZy 
ooeAtook  the  eanZy  EuAopean  lead  in  aviation,  LtndbeAgh’6  ht&to^c 
cAo^^tng  0(5  the  Atlantic,  the  6pectaculaA  6ucce^6  o^  the  PC- 3, 
Ame/Ucan  geography  and  the  AmoAtcan  bent.  ^oA  tiaveZ,  and  the  htgnJi- 
iicantly  incAea^od  attention  being  given  to  the  development  o^  U,S, 
militoAy  cuOicAa^t  weae  poAhap^  the  mo6t  impoAtant  single  {actoA6  in 
thl6  achievement. 


In  1926,  the  Ford  Trimotor  became  the  first  successful  large 
airliner  to  be  built  in  America.  It  brought  cruising  speeds  up  to 
105  miles  per  hour.  By  1927,  the  Lockheed  Vega  appeared  as 
America's  first  challenge  to  the  lead  in  transport  design  so  long 
held  by  Fokker  and  Junkers;  and,  by  1928,  Commander  Byrd  had  flown 
over  both  poles. 

In  1931,  the  Boeing  YB-9,  an  all-metal  prototype  bomber  with 
a  speed  (188  mph)  greater  than  that  of  contemporary  pursuit  ships, 
was  flown  and  tested;  and,  by  1935,  Pan-American  transpacific 
"Clipper"  service  had  begun.  Also,  in  1935,  the  XB-17,  the  four- 
engine  prototype  predecessor  of  the  well-known  "Flying  Fortress" 
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first  flew.  In  1939,  the  42  passenger  DC-4,  at  the  time  the 
world's  largest  transport,  made  its  first  public  appearance  in 
a  flight  from  New  York  City  to  Chicago,  and  the  pressurized  Boeing 
307  Stratoliner  entered  service  a  year  later.  Significantly,  by 
1940,  American  domestic  airlines  were  carrying  over  2,000,000 
passengers  a  year  in  a  new  record  for  the  air  transportation 
industry. 

During  this  period  world  records  in  endurance,  range,  altitude 
and  speed  were  routinely  being  set  and  broken  by  U.S.  pilots  flying 
U.S.  aircraft.  In  1931,  a  world  distance  record  of  over  5,000  miles 
was  established  in  a  flight  from  Floyd  Bennett  Field  to  Istanbul, 
Turkey;  in  1935,  Howard  Hughes  set  a  land  plane  speed  record  of  over 
352  miles  per  hour;  and  in  1939,  an  all-time,  refueling-endurance 
record  of  726  hours,  one  full  month,  was  set. 

ITiis  period  also  saw  the  rise  and  fall  of  another  form  of  air 
transportation,  the  dirigible.  After  a  series  of  major  tragedies, 
including  the  Shenandoah,  Italia,  R-101,  Akron,  and  Macon,  the 
Hindenberg  disaster  at  Lakehurst  in  1937  wrote  a  fiery  finish  to 
the  early  promise  of  passenger  carrying  airships. 

Bij  1938,  tht  tlma  had  come,  a  majoK  ex}XLn^icn  the. 
fedcAaJ!  aolc  in  avtoution,  muck  beijond  that  oi  the  development  and 
opeAatton  the  aJjiwaij^  6ij'!item,  and  the  Qtvit  AcAonauttc^i  Act  ojJ 
1938  u)a6  pa^6ed.  This  Act  cAexUed  the  independent  CiviZ  Acao- 
mtitic^i,  AuthoAity  and  became  the  ba^ic  statute  AeguZation 
civ  it  aviation. 

And,  by  1940,  the  aircraft  industry  had  become  big  business. 
Its  backlog  of  orders  was  over  $2  billion,  its  exports  were  over 
$300  million,  and  it  produced  over  12,000  aircraft  that  year. 

Thus  the  period  from  1925  to  1940  saw  aviation  become  a  basic 
ingredient  to  the  American  way  of  life.  Its  progress  -  military, 
commercial,  and  private  -  was  marked  by  a  constant  series  of  "head¬ 
line"  events,  and  the  public  now  accepted  the  airplane  as  being 
actually  capable  of  everything  that  its  champions  had  claimed  for  it 

SIGNIFICANT  TECHNOLOGICAL  ADVANCES  -  1925-1940 

Tlie  spectacular  advancements  in  aviation  during  this  period 
would  have  been  impossible  without  parallel  advances  in  the  techno¬ 
logical  base.  In  the  drive  to  fly  faster,  higher,  and  further,  it 
was  essential  that  improvements  in  engines,  airframes,  aircraft 
handling  and  control,  and  flight  operations  and  safety  be  achieved. 


However,  as  has  been  characteristic  of  the  entire  history  of  avia¬ 
tion,  the  solution  to  any  one  problem  usually  led  to  the  discovery 
of  still  other  challenges  in  achieving  further  progress. 

•  Advances  in  Engine  Performance 

A  series  of  major  technological  advances  during  the  period 
resulted  in  improved  engine  power  and  efficiency  that,  in  turn, 
permitted  improvement  in  aircraft  range,  speed,  payload,  and  economy 
of  operation.  The  ioA^emo^t  the^e  u)eAe  the  development  oi  the 
nadLM  cuA-c coled  engine,  hlgheA  octane  iuel6,  mpeAchoAglng ,  and  the 
controllable  pitch  pftopelleA. 

Radial  AlK-Cocled  Engine  -  The  most  significant  engine 
achievement  of  this  period  undoubtedly  was  the  introduction 
and  use  of  the  radial  air-cooled  engine.  The  highly 
successful,  nine  cylinder,  200  hp  model  J-1  engine  was 
developed  by  Lawrance  with  Navy  funding  starting  in  1920. 

The  engine  passed  its  50  hour  test  in  1922  and  began  flight 
tests  soon  afterward.  This  basic  engine  design  was 
progressively  improved  in  the  years  that  followed  and,  in 
1925,  Wright  Whirlwind  radials  powered  the  first  practical 
passenger-carrying  transport  aircraft  in  the  U.S.  -  the 
Fokker  F-7  tri-motor.  In  1927,  a  model  J-5  engine  powered 
Lindbergh’s  transatlantic  flight.  Competitive  developments 
of  the  two  leading  U.S.  engine  firms,  Wright  and  Pratt  and 
Wliitney,  then  led  to  radial  engines  of  over  3,000  horse¬ 
power  later  in  the  period. 

High  Octane  fuel4>  -  In  1925,  aviation  gasoline  only  had 
an  octane  rating  of  about  50,  although  active  research  to 
improve  fuels  had  been  underway  for  years.  This  low  octane 
rating  was  recognized  as  a  limiting  factor  on  the  allowable 
compression  ratio  and  efficiency  of  engine  designs,  a  fact 
which  led  the  military  to  stimulate  the  development,  test, 
and  use  of  higher  octane  aviation  fuels.  The  superior 
performance  that  resulted  led  both  the  Army  and  Navy  to 
adopt  100  octane  fuel  as  standard  in  1936.  The  airlines, 
however,  continued  to  use  the  lower  cost  90  octane  fuels 
until  after  World  War  II. 

Superchaaging  -  The  need  to  overcome  the  limitations  to 
hign  altitude  /light  became  very  important  to  the  military 
following  World  War  I.  Although  the  military  had  funded 
supercharger  development  as  early  as  1918,  it  was  not  until 
1927  that  the  Pratt  and  Whitney  "Wasp",  the  first  U.S. 
production  engine  with  a  gear-driven  supercharger,  was 
introduced.  From  1930  on,  virtually  all  production  engines 


III-5 


for  military  and  civil  transport  applications  incorpo¬ 
rated  some  form  of  supercharger.  The  first  application 
of  "turbosupercharging"  to  a  military  aircraft  was  the 
Consolidated  P-30,  later  designated  the  PB-2,  in  1935. 

The  first  heavy  bomber  with  turbosuperchargers  was  the 
YlB-17  in  1938.  Following  this,  the  Wright  R-1830-51 
engine  was  turbosupercharged  to  yield  1,000  hp  at  25,000 
feet,  with  these  engines  being  used  to  power  the  B-17B. 
Commercial  transport  aircraft  did  not  incorporate 
turbosuperchargers  until  the  advent  of  the  Boeing  Strato- 
cruiser  in  1949. 


ContKollablt  Pitth  -  Early  fixed-pitch 

propeller  designs  were  a  compromise  between  the  different 
pitch  settings  that  were  best  for  take-off  and  cruise 
flight  conditions.  Because  this  compromise  did  not 
permit  optimum  performance,  the  Navy  initiated  a  develop¬ 
ment  program  for  controllable  pitch  propellers  ^'^ith 
Hamilton  Standard  in  March  1931,  and  an  early  design  was 
tested  on  a  Navy  Curtiss  F6C-4  in  September.  Caldwell 
is  the  individual  credited  with  development  of  the  first 
practical  controllable  pitch  propeller  in  1932  while 
associated  with  the  Hamilton  Standard  Propeller  Company. 

The  Navy  used  variable  pitch  propellers  operationally  as 
early  as  1933  on  Boeing  F4B-4s.  This  two-position 
propeller  also  was  incorporated  in  the  Boeing  247 
commercial  transport  in  1933.  Conversion  to  the  improved 
constant-speed  propellers,  with  automatically  controlled 
pitch,  begin  in  1934. 

•  Advances  in  Airframe  Design  and  Materials 

OA  bicAQXUQ^  in  engine.  powcA  and  otkeA  engim-^eicUed 
^p^ovemenU  mIZ  peAmiZ:  higkeA  pe/iiomance  in  aZAanaf^t,  ao  mZZ  the 
application  Ojj  otke/i  ad\jance6  in  oiAiKome  design  and  mateAMjJU. 

Thu^,  e^^oAX6  to  A.ediice  aeAodynamic  d^ag  and  aJuicAa^t  u)eAght,  icithoat 
the  mcAi^ice  ^tAength  oa  ^tAuctoAol  integAiXy,  als^o  Aeceived  majoA 
attention  duAing  thi6  pcAiod,  Foua  oi  thede  advances  oAe  con^ideAed 
e&pecialJly  significant  contAibations  -  the  Aet^Aac table  landing  geoA 
and  NACA  Coioling  in  dAag  Aeduction,  and  stAessed-skin  constAuction 
and  new  alminwn  alloys  in  weight  Aeduction, 

RetAactable  Landing  GeaA  -  By  the  early  Twenties,  the 
aerodynamic  drag  of  f^ix^ed,  extended  landing  gear  had  become 
a  severe  limitation  to  the  achievement  of  higher  speed 
flight.  Thus  drag  was  considerably  reduced  with  the  advent 
of  a  retractable  system.  Though  an  early  experimental 
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configuration  was  tested  in  the  Air  Corps  Dayton-Wright 
XPS-1  of  1921,  it  was  not  until  1930  that  retractable 
landing  gear  appeared  on  an  operational  aircraft  -  the 
Boeing  Monomail  transport.  This  advance,  however,  was 
not  used  in  production  military  aircraft  until  the  Navy 
first  flew  its  Grumman  XFF-l  fighter  in  1931.  The  basic 
XFF-1  line  grew  to  include  the  later  F2F  and  F3F  series, 
with  a  total  of  248  aircraft  built.  Introduction  into  the 
inventory  of  the  Martin  B-10  bomber,  which  also  had 
retractable  landing  gear,  occurred  a  few  years  later. 

MACA  -  In  specific  response  to  the  military 

need  for  improved  aircraft  performance,  systematic 
testing  in  wind  tunnels  at  the  Langley  Research  Center 
led  to  the  design  of  the  NACA  Cowling  in  1928.  This 
cowling  not  only  reduced  aerodynamic  drag  but,  with  the 
addition  of  baffles  between  the  cylinder  heads,  also 
imp?'oved  the  cooling  efficiency  of  the  radial  air-cooled 
engines  previously  discussed.  When  first  incorporated 
on  an  Air  Corps  Curtiss  AT-5A  airplane  in  1928,  it  per¬ 
mitted  a  speed  increase  from  118  to  137  mph,  the 
equivalent  of  83  additional  horsepower  in  engine  per¬ 
formance.  This  was  recognized  as  a  major  achievement, 
and  NACA  received  the  1929  Collier  Trophy  for  this 
development.  The  NACA  Cowling  soon  became  the  standard 
enclosure  for  air-cooled  engines.  The  Lockheed  Vega 
"Air  Express",  rebuilt  from  a  prototype  and  fitted  with 
the  NACA  Cowling,  was  certified  in  January  1929.  Military 
use  occurred  in  1932  on  the  Martin  XB-10  prototype,  the 
XB-907A. 

StnQ,6^e,d-SkZn  Metal  Airplane,  ~  Initially,  in  the 
construction  o^  metal  aircraft,  the  metal  skin  was  used 
to  carry  local  airloads  in  the  same  manner  as  fabric. 
During  the  1925-1928  time  period,  however,  Wagner  in 
Germany  and  Northrop  in  the  United  States  saw  possibili¬ 
ties  for  improvement,  and  independently  evolved  the 
theory  for  all-metal  stressed-skin  construction.  This 
new  design  discovery  employed  the  metal  skin  as  an 
integral  part  of  the  airframe.  The  use  of  thin  sheet 
metal  supported  at  the  edges  to  carry  significant  loads 
permitted  greatly  improved  structural  efficiency  and 
lighter  weight  airplane  construction.  Beginning  in  1930, 
four  large  stressed-skin  metal  airplanes  were  designed 
and  built  ui  ng  varied  methods  of  construction.  They 
were,  in  ordci  the  Boeing  Monomail;  the  Northrop  Alpha; 
the  Boeing  XB  '^l,  from  which  the  commercial  247  aircraft 
was  derived;  and  the  Martin  XB-907A,  known  as  the  B-10  in 
its  production  version.  In  addition,  the  Boeing  XP-9 
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was  built  as  the  first  stressed-skin  all-metal  pursuit 
aircraft.  It  flew  in  November  1930. 

Alam^num  Alleys  ”  The  light  weight  and  versatility  of 
aluminum  have  made  it  the  material  of  greatest  use  in  the 
aircraft  industry.  Although  the  Wright  Brothers  used 
aluminum  in  the  engine  of  their  1903  airplane,  it  was  not 
until  the  mid-Twenties  that  aluminum  alloys  were  developed 
with  sufficient  strength  for  aircraft  structural  use. 
Duralumin,  which  was  developed  in  Germany  about  1925, 
became  the  first  high  strength,  heat  treatable  aluminum 
alloy.  Then,  in  1931,  the  2024-T3  aluminum  alloy,  with  a 
25  percent  higher  yield  strength  was  developed  by  U.S. 
industry.  This  alloy  was  used  in  1935  on  the  Boeing  Model 
299  (XB-17)  and  the  DC-3. 

#  Advances  in  Aircraft  Handling  and  Control 

Ttuo  4iigyUiicxLyit  technoiog^aZ  advances  took  placo,  duAtng 
tliu  pc^od  In  thz  cl/lqjh  oi  cu/icAait  kandting  and  contAol,  The 
intAoduetton  ojj  fUgh  it^t  davtce^  peAmitted  gAQjotly  ZmpAoved 
handUng  cfiaAacte/U6ttci6  du/Ung  landing  and  takco^i,  and  the  develop¬ 
ment  0^  the  autopilot  contnlbuted  Ijrmej'i^ely  to  alACAaf^t  opeAotion 
duAlng  cAal^e  ilhght  conditlcn6. 

-  Several  high  lift  devices, 
were  developed  in  this  time  period. 

The  simplest  form  of  flap  is  a  section  of  the  trailing  edge 
of  a  wing  that  can  be  hinged  downward  to  increase  the  lift 
and  drag  of  the  wing.  The  initial  advantage  of  flaps  was 
to  permit  slower  and  more  steep  approaches  for  landing. 

The  Fowler  Flap,  which  was  invented  as  a  private  venture  in 
the  mid-1920s,  had  the  additional  advantage  of  increasing 
the  wing  area,  thus  producing  additional  lift  for  improved 
take-off  performance.  The  first  military  use  of  wing  flaps 
to  minimize  landing  speed  appeared  on  the  Curtiss  A-8  Shrike, 
which  entered  service  in  1932.  First  use  in  a  civil  appli¬ 
cation  was  the  incorporation  of  split  flaps  on  the  Douglas 
DC-1,  which  first  flew  in  1933. 

Autopilot  -  The  ability  to  operate  aircraft  in  level 
flight  under  automatic  control  was  made  possible  by  the 
autopilot.  This  device  evolved  over  a  long  period  of  time, 
and  was  pioneered  by  Sperry  in  the  United  States.  A 
successful  test  of  an  early  Sperry  gyrostabilized  pilot  in 
a  Navy  F5L  was  completed  in  1920.  In  1933,  Wiley  Post 
successfully  used  the  Sperry  A-2  three-axis  autopilot  in 
his  round-the-world  flight  in  the  Lockheed  Vega  5-C.  The 
system  included  gyros  with  pneumatic  pickoffs  and  three- 


Hlgh  Lljt  Vevlce6 
including  wing  flaps. 
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axis  control  with  proportional  hydraulic  servos.  Sperry 
A-2  autopilots  were  first  employed  aboard  DC-1  and  DC-2 
aircraft  in  1935.  The  first  military  use  of  this  autopilot 
was  in  the  B-18A,  in  1936.  Four  electric  autopilot  designs 
were  subsequently  developed  and  widely  used  by  U.S. 
military  aircraft  during  World  War  II. 

•  Advaiices  in  Flight  Operations  and  Safety 

Vdtlyig  tfie  peAlod  in.om  1925  to  1940,  ilying  mu  o^tzyi  veAy 
hazcuidoiju  and  aiimy^  Subject  to  many  unceAtcUntie^ ,  PAogAe66  uxu 
6ub6tanttat,  though,  and  many  advanciU  moJigtd  that  AdZatod  to 
(flight  opdAotAjonj^  and  ^a^dty.  fouA  th(UQ,  that  oAz  constdoAdd 
d^pd-ciaily  4>tgnt^tcant  ivdAd.  thd.  dd.vdZopmd.nt  o^  thd.  StandoAd  Attno^>- 
phdAz,  dz-tetng  zqaipmznt,  cabin  pAZ66u.A<,zation,  and  tm-my  nadio 
conrninixiaticn, 

StandaAd  Atmo^phzAd  -  In  the  early  1920s.  with  all  of 
the  advancc‘3  in  aeronautics,  engineers  required  increased 
knowledge  and  more  accurate  data  on  the  characteristics  of 
the  atmosphere.  This  information  was  essential  to  aero¬ 
nautical  designers  concerned  with  aircraft  icing, 
propulsion  systems,  and  aircraft  pressurization.  In 
response,  NACA  in  1925  developed  the  first  modem  Standard 
Atmosphere,  a  data  book  which  describes  the  vertical 
structure  of  the  atmosphere  in  terms  of  temperature, 
humidity,  pressure,  and  density.  By  1936,  a  national 
network  of  vertical  atmospheric  soundings  was  established. 
The  data  collected  led  to  further  knowledge  and  the 
development  of  an  improved  Standard  Atmosphere,  This 
network  also  provided  the  background  for  the  development 
of  improved  upper-air  observation  systems  which  include 
wind  measurements  essential  to  preparing  accurate  aviation 
weather  forecasts. 

Vd- 'icing  -  Because  of  the  many  airplane  crashes  directly 
traceable  to  icing,  and  because  of  the  many  other  hazards 
associated  with  this  problem,  the  subject  of  ice  formation 
on  aircraft  came  under  intensive  investigation  in  1928, 
when  a  conference  was  held  by  the  Department  of  Commerce, 
Army,  Navy,  NACA,  and  the  National  Bureau  of  Standards. 
Between  1928  and  1931,  flight  tests  and  refrigerated  wind 
tunnel  tests  by  NACA  identified  the  primary  forms  of  ice 
which  could  be  encountered,  the  effect  of  such  formation  on 
aircraft,  and  the  direction  for  further  investigation. 
ETectrical,  mechanical,  and  chemical  methods  of  de-icing 
were  explored.  Pne-tmatic  inflatable  de-icer  boots  were 
developed  and  widely  used  on  wing  and  empennage  leading 
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edges.  Heated  wing  concepts  were  developed  later.  Other 
major  benefits  from  these  early  efforts  included  alcohol 
spray  for  propellers,  alcohol  spray  and  wipers  for  wind¬ 
shields,  electrically  heated  airspeed  sensing  probes,  and 
carburetor  anti-icing  equipment.  In  1935  de-icer  boots  were 
installed  on  the  Douglas  XB-IS,  and  also  were  used  on  the 
TWA  DC-2  commercial  aircraft. 

Cab^n  ?n.Q.66un.ization  -  As  a  result  of  the  early 
realization  that  high  altitude  flight  offered  many 
advantages,  several  exploratory  investigations  were  con¬ 
ducted  early  in  this  time  period  on  the  effects  of  altitude 
on  humans,  and  on  survival  at  various  levels  in  the  upper 
atmosphere.  Cabin  pressurization  seemed  to  offer  the  most 
promise,  and  a  variety  of  pressure  tank  and  other  experi¬ 
ments  were  devised.  The  first  successful  demonstration  of 
cabin  pressurization  was  accomplished  by  the  Air  Corps  in 
a  Lockheed  XC-55  aircraft  in  1937i  The  Boeing  307 
Stratoliner  commercial  transport,  which  flew  in  late  1938, 
then  became  the  first  production  aircraft  with  cabin  pres¬ 
surization.  Successive  improvements  have  been  made,  and 
now  high  altitude  operations  proceed  routinely  while  cabin 
pressures  are  maintained  at  a  safe  ’’altitude- level  equiva¬ 
lent”  of  8,000  feet  or  less. 

Tu)o-liUa^  Rad  ' 0  Communicaticn  -  In  recognition  of  the 
need  for  air-to-ground  communications,  several  telegraphy 
and  radio  demonstrations  were  accomplished  in  the  early 
Twenties.  By  1928,  the  military  had  two-way  radio 
equipped  aircraft  in  operation.  At  that  time  the  Air 
Corps  was  experimenting  with  a  C-2  radio  laboratory  air¬ 
plane  that  included  two-way  radio  telephone  equipment  for 
communication  between  the  air  and  ground.  Navy  squadro.* 
VB-2B  also  was  provided  with  radio  telephone  equipment 
in  1928.  During  that  same  year  Boeing  and  the  Bell 
Telephone  Laboratories  conducted  a  survey  of  the  special 
needs  of  aviation  for  radio  communications,  and  by  1929, 
two-way  radio  was  introduced  into  commercial  aviation. 

SIGNIFICANT  TECHNOLOGICAL  ADVANCE  SUMMARY  -  1925-1940 

From  the  preceding  discussion  of  significant  technological 
advances  during  the  1925-1940  time  period,  it  is  clear  that  there 
were  many  major  achievements  that  contributed,  in  one  or  many  ways, 
to  the  rapid  progress  that  was  taking  place  in  U.S.  aviation. 

Table  1  is  a  summary  listing  of  the  advances,  and  a  footnote 
to  the  table  explains  the  headings  that  are  used.  Most  of  the 
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advancements  were  Government  sponsored,  seven  by  the  military  and 
three  by  the  civil  agencies.  "First”  use  was  divided  equally 
between  military  and  private  sector  aviation,  with  the  average  time 
lag  for  use  being  about  three  years  for  the  military  and  three  and 
one-half  for  civilian  aviation.  As  noted  before,  the  advances  were 
in  materials  and  structures,  engines  and  airframes,  equipments  and 
subsystems  -  and  not  concentrated  in  any  one  area. 


Table  1* 

Significant  Technology  Advances  -  1925-1940 


ADVANCE 

DATE 

SPONSOR 

USER 

MIL 

PVT  SECT 

RADIAL  AIR-COOLED  ENGINES 

1920 

GC‘/TMIL 

1922 

1925 

RETRACTABLE  LANDING  GEAR 

1921 

GOVT  MIL 

193! 

1930 

STANDARD  ATMOSPHERE 

1925 

GOVT  CIV 

1925 

1925 

HIGH  LIFT  DEVICES 

1927 

PVT  SECT 

1932 

1933 

SL'PERCHARGING 

1927 

GOVT  MIL 

1930 

1930 

NACA  COWLING 

1928 

GOVT  CIV 

1932 

1929 

DE-ICING 

1928 

GOVT  CIV 

1935 

1935 

TV'C-WAV  RADIO  COMMUNICATION 

1928 

GOVT  MIL 

1928 

1929 

STRESSED- SKIN  METAL  AIRPLANE 

1930 

PVT  SECT 

1930 

1930 

ALUMINUM  ALLOY 

1931 

PVT  SECT 

1935 

1935 

CONTROLLABLE-PITCH  PROPELLERS 

!932 

COVTMIL 

1933 

1933 

AUTOPILOT 

1933 

P'/T  SECT 

1936 

1935 

HIGH  OCTANE  FUELS 

1936 

GOVT  MIL 

1936 

1946 

CABIN  PRESSURIZATION 

1937 

1 

GOVT  MIL 

1937 

1938 

*  Note:  The  "date"  listed  for  each  advance  is  the  one  where  some¬ 
thing  especially  significant  occurred  in  the  United  States.  This 
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AMERICAN  AVIATION 


1941-1930 


GROWTH  AND  PROGRESS 

T4e  peA^cd  1941  to  1950  could  well  be  called  the  Golden 
Age  0(5  U,S.  aviation  because  o^  the  many  type6  and  klncU  and  laage 
number  o^  cuAcAa^t  produced,  because  of,  the  Individual  and  QAoup 
achlevemejiti  that  became  almost  daity  Ajutlne,  and  becatoie  of  the 
national  "aVL-mlndednej>^”  that  gAew  out  of  (HoAld  OJoA  II. 

In  1941  the  Douglas  XB-19,  the  world's  largest  land  plane, 
and  the  Martin  PB2M  Mars,  the  world's  largest  flying  boat,  both  in 
the  70  ton  class,  were  flying.  By  the  time  of  the  attack  on  Pearl 
Harbor,  all  of  the  U.S.  aircraft  to  play  such  a  prominent  part  in 
the  War  were  either  in  production  or  on  order. 

Jn  luJoAld  (i/oA  II  the  alAplane  emeAged  06  a  majoA  ln6tAument  of 
milltaAy  poweA  and,  afteA  the  woA,  gAowth  In  the  coimeAclal  InchutAy 
MU  unpAecedented .  In  1944,  the  United  States  aircraft  industry  was 
the  largest  single  industry  in  the  world.  Its  $17  billion  worth  of 
business  was  over  10  percent  of  the  United  States  Gross  National 
Product.  Even  with  the  cancellation  of  over  $26  billion  in  Army 
and  Navy  contracts  in  1945,  the  industry  survived  and,  by  the  end 
of  the  decade,  was  again  growing  and  prospering. 

The  peAlod  6aw  development  of  the  hellcopteA,  the  B-36  InteA- 
continental  bombeA,  the  jet  flghteA  and  the  Jet  bombeA,  In  1944 
the  "X"  series  of  research  aircraft  was  proposed  by  NaCA  in  the 
initial  planning  for  a  long  series  of  jointly-developed  research 
aircraft  that  greatly  expanded  the  frontiers  of  aeronautics.  In 
1946,  a  B-29  set  an  altitude  record  of  44,200  feet  for  operational 
aircraft  in  a  flight  over  Guam;  ejector  seats  were  successfully 
tested  at  Wright  Field  and  Lakehurst;  the  New  York  Yankees  became 
the  first  major  league  baseball  team  to  regularly  use  air 


could  have  been  the  full  development  of  an  idea,  the  discovery  of 
something  new,  or  the  development  of  hardware  with  known  applica¬ 
tion  -  sometimes  direct,  and  sometimes  after  further  development. 
"Sponsor"  designations  reflect  the  primary  source  of  the  funding 
that  made  the  advance  possible,  rather  than  the  origin  of  the 
need  or  the  accomplishment  of  the  work.  Designations  are  by 
Government/Military,  Government/Civil,  and  Private  Sector.  "User" 
listings  are  in  Military  and  Private  Sector  categories,  with  the 
date  shown  reflecting  application  or  use  of  the  advance  in 
operational  or  service  aircraft. 


in-12 


transportation  to  meet  its  schedule;  and  the  ’’Truculent  Turtle,” 
a  Navy  Neptune  patrol  bomber,  set  a  new  non-stop,  long  distance 
world  record  in  a  flight  of  almost  12,000  miles  from  Perth, 
Australia,  to  Columbus,  Ohio.  In  addition,  the  year  1946  saw 
the  first  flight  of  an  ”X”  aircraft,  the  X-1,  which  had  been 
designed  and  built  specifically  to  investigate  and  determine  the 
feasibility  of  supersonic  flight.  And,  in  1948,  a  Navy  Mars 
carried  68,282  pounds  of  cargo,  the  heaviest  payload  ever  lifted 
by  an  aircraft  to  that  date. 

During  this  period,  prototyping  matured  as  a  standard  pro¬ 
cedure  in  weapon  system  acquisition,  and  the  development  of 
experimental  and  prototype  aircraft  was  a  major  activity  of  the 
industry.  The  United  States  Air  Force  was  formed  in  1947,  and 
during  the  next  year  the  Berlin  airlift  began,  in  what  was  to  prove 
a  stunning  setback  to  Communist  ambitions. 

By  1950,  aircraft  production  had  climbed  back  to  over  6,000, 
after  dropping  from  the  all-time  high  of  96,000  in  1944.  Industry 
sales  were  at  $3.1  billion,  with  the  DoD  being  the  biggest 
customer  ($2.6  billion);  and  over  19  million  passengers  were 
flown  on  domestic  and  international  routes  to  set  a  new  high  of 
more  than  10  billion  revenue-passenger  miles.  The  industry  was 
in  the  forefront  of  the  rapid  advances  and  outstanding  achieve¬ 
ments  that  were  characteristics  of  aviation  in  this  decade. 

SIGNIFICANT  TECHNOLOGICAL  ADV.ANCES  -  1941-1950 

Military  needs  for  higher  performance  aircraft  were 
responsible  for  most  of  the  technological  advances  that  v/ere 
achieved  during  this  period.  The  limitations  of  the  piston 
engine/propeller  propulsion  syste:i,  the  straight  wing,  and 
existing  structural  materials  were  widely  known,  and  the  search 
for  new  ways  to  reach  a  speed  of  500  miles  per  hour,  or  even  to 
cross  the  sound  barrier,  were  aggressively  pursued.  The  desires 
to  fly  in  all  kinds  of  weather,  to  improve  equipment  reliability, 
to  carry  more  payload,  and  to  oper  ^e  at  higher  altitudes  also 
were  important  stimuli  to  the  advances  that  were  sought.  Those 
achieved  and  considered  most  significant  have  been  grouped  for 
discussion  in  three  categories:  improved  aircraft  performance, 
structures,  and  flight  operations.  The  development  and  intro¬ 
duction  of  the  ’’helicopter”  also  is  considered  a  very  significant 
achievement,  and  a  discussion  of  this  advance  is  included. 
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•  Advances  Contributing  to  Higher  Performance  Aircraft 

T^GAe  UXXJLq,  doubt  that  the,  advent  OfJ  the  jet  e^igine 
uxu  the  rnajo^  techyiicaZ  bAcakthAough  tkU  peAtod,  Coupled 
mth  the  engine,  howeveA,  u)eAe  othen.  impoAtant  advances  in  aeAo- 
dynamic  design  -  the  6u.'ept  loing  and  the  delta  (/oing.  The  eventual 
goal,  OfJ  cou.ue,  i^xu  6upeA6cnic  flight. 


TuAtojet  Engine  -  The  turbojet  engine  was  invented 
by  Whittle  in  England  and  von  Ohain  in  Germany.  Some 
information  on  the  British  engine  had  filtered  to  the 
United  States  and,  when  General  Arnold  visited  England 
in  the  Spring  of  1941,  he  saw  the  engine  and  was  amazed 
at  the  progress  that  had  been  made.  Arrangements  scon 
were  made  by  the  military  for  the  General  Electric 
Company  to  build  a  copy  of  the  British  engine  in  the 
United  States.  Although  the  GE  engine  ran  hotter  than 
desired,  just  like  its  British  contemporary,  it  was  not 
plagued  by  the  turbine  bucket  breakage  problem 
experienced  by  the  British.  The  primary  reason  was  the 
superior  U.S.  metallurgy  that  had  been  developed  in  the 
earlier  turbosupercharger  work.  The  first  U.S.  jet- 
powered  airplane  was  the  experimental  Bell  P-S9A 
Airacomet,  which  was  completed  for  the  Air  Corps  in  '942. 
It  did  not  reach  quantity  production,  however,  because 
it  was  too  slow  and  had  limited  range.  The  first  opera¬ 
tional  military  jet  aircraft  was  the  P-80,  which  was 
introduced  in  1944,  and  the  first  U.S.  commercial  jet 
aircraft  was  the  Boeing  707,  the  prototype  of  which  first 
flew  in  1954.  The  success  of  U.S.  endeavors  in  the 
turbojet  field  is  one  of  the  most  interesting  stories  in 
the  history  of  aviation,  and  nearly  all  developments  were 
the  result  of  military  sponsorship. 

Si^ept  lOing  -  In  the  continuing  search  for  aerodynamic 
design  breakthroughs  that  would  reduce  drag  in  the 
transonic  and  supersonic  flight  regimes,  and  thus  obtain 
the  higher  flight  speeds  desired,  the  idea  of  wing  sweep- 
back  was  conceived  and  developed  by  Jones  of  NACA  near  the 
end  of  World  War  IT.  About  the  same  time  it  was 
discovered  that  Germany  had  started  theoretical  work  on 
the  swept-wing  theory  prior  to  the  War  and,  by  its  end, 
already  had  jet-propelled,  swept-wing  aircraft  designs 
in  being  that  excelled  any  in  the  United  States  or  Great 
Britain.  In  1945,  NACA  publishe'^  the  first  U.S.  report 
on  the  aerodynamic  theory  of  the  swept  wing,  and  develop¬ 
ment  work  was  undertaken.  The  first  U.S.  military  produc¬ 
tion  aircraft  with  swept  wings  were  the  F-86  and  B-47, 
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both  of  which  flew  in  1947.  The  Boeing  707  prototype, 
which  was  the  first  U.S.  swept-wing  transport,  flew  in 
1954. 

Vdlta  OJ'ing  -  Another  wing  design  with  considerable 
promise  in  high  speed  flight,  particularly  supersonic 
flight,  was  the  delta  shape.  Again,  it  was  found  that  the 
Germans  were  working  on  delta- wing  shaped  prototype  air¬ 
craft  during  the  latter  phase  of  World  War  II.  One  of 
these  was  tested  in  NACA  wind  tunnels  after  the  war  in 
about  1945,  and  the  design  was  incorporated  in  the 
experimental  XF-92A  which  flew  in  1948.  The  F-102  of  1953 
was  the  first  production  aircraft  using  this  configuration. 
The  XF4D  Skyray  flew  earlier  in  1951,  but  it  was  not  a  true 
delta  wing  aircraft,  since  it  had  curved-wing  tips  and  a 
swept  trailing  edge. 

Sup^^^onic  Flight  -  During  the  post-war  period  a 
series  of  experimental  ”X”  aircraft  were  developed  for 
research  flight  testing  in  the  transonic  and  supersonic 
flight  regimes.  In  1947,  Captain  Charles  Yeager  flew  the 
first  of  these,  the  rocket-powered  Bell  X-1,  past  the 
speed  of  sound  in  level  flight  to  usher  in  the  era  of 
supersonic  flight.  Prior  to  this  accomplishment,  the 
sound  barrier  had  been  regarded  as  a  serious  technologi¬ 
cal  obstacle  to  aviation  progress.  Supersonic  military 
aircraft  became  commonplace  in  the  1950s,  and  in  1953  the 
North  American  F-lOO  Super  Sabre  became  the  first  pro¬ 
duction  aircraft  to  achieve  supersonic  speed  under  level 
flight  conditions. 

#  Advances  in  Structures  and  Materials 

Tkz  rUghcA  pvimiXtzd  by  joX  rnginOi  and  new  aoAo- 

dynamic  de^^n^  ^tqu^ed  co^e^poncUng  advances  in  ^tAuciu/ie^  and 
mateJujoJU  the  iiM  bene^it^  potential  oiAcAa^t  peA^oamance 
ujcAe  to  be  realized,  Th/iee  4>igni^icant  advances  in  tfuA  oKea  tccAe 
(^at-igae  testing,  adhesive  bonding,  and  titanium  alloy  development 
and  fabaication. 

Fatigue  Testing  -  The  fatigue  life  of  aircraft 
structures  has  always  been  a  concern  in  aircraft  design. 
Fatigue  is  a  structures  problem  that  relates  to  the 
tendency  of  metals  or  other  materials  to  crack  and  fail 
after  the  repeated  application  of  stress.  Prior  to  and 
during  World  War  II,  static  strength  design  conservatisms 
and  moderate  performance  demands  provided  an  inherent 


fatigue  lesistance  in  the  primary  aircraft  structure  - 
in  spite  of  the  fact  that  there  were  no  requirement*^  for 
specific  fatigue  life  in  aircraft.  With  the  adv^'iit  of 
jet  aircraft,  however,  increased  performance  demands  and 
high  maneuver- load  factors  eliminated  this  built-in 
fatigue  resistance,  and  service  problems  started  to 
develop.  These  problems  were  first  "rtacked  by  labora¬ 
tory  tests,  and  in  1946  the  first  demonstration  of 
full-scale  "component”  fatigue  costing  was  accomplished 
on  an  AT-6D.  The  first  "airframe”  test  to  predict 
service  life  was  accomplished  in  1947  for  the  Martin  202 
ai'/craft,  and  in  1948  the  military  followed  with  use  of 
full-scale  fatigue  testing  to  correct  service  life 
airframe  deficiencies  of  the  F-84D.  Improved  test 
methods  and  instrumentation  developed  during  this  period 
made  rapid  full-scale  tests  possible,  and  continued 
development  has  taken  place  to  improve  these  techniques. 
A  major  Air  Force  aircraft  structural  integrity  program 
was  initiated  in  1958  to  determine  the  service  fatigue 
life  of  all  front  line  aircraft.  Many  civil  transports 
have  benefitted  from  the  results  of  this  program. 


Adhesive  Sanding  -  Adhesives  suitable  for  bonding 
airframe  structures  were  developed  for  the  military  in 
1941.  Adhesive  bonding  permits  joining  of  airframe  parts 
without  using  fasteners,  thereby  decreasing  weight  and 
assembly  costs.  By  1942,  this  advancement  had  led  to  the 
incorporation  of  bonded  components  in  the  B-26  and  P-40 
airplanes.  Later,  adhesively  bonded  sandwich  construc¬ 
tion  was  extensively  employed  on  the  B-58,  and  now 
adhesively  bonded  components  are  being  used  on  the 
Boeing  707  and  747  commercial  transports. 

Titanium  Alicij^  ~  In  1947,  the  Navy,  in  the  continu¬ 
ing  search  for  new  materials  of  high  strength  at  high 
tempeiaturcs ,  initiated  studies  on  the  development  and 
fabrication  of  titanium  alloys.  By  1948,  the  U.S.  Bureau 
of  Mines  was  able  to  produce  250  pound  batches  of 
titanium  sponge  using  the  Kroll  extraction  process.  This 
accomplishment  gave  impetus  to  the  DoD  work,  and  a 
vigorous  effort  to  develop  titanium  as  an  engineering 
material  was  undertaken.  The  first  jet  engine  to  use 
titanium  was  the  J-57  in  1951.  This  engine  was  first 
operated  in  a  military  aircraft  in  1952,  and  in  the  367-80 
commercial  transport  prototype  in  1954.  The  first  limited 
structural  use  of  titanium  was  in  the  F-100.  During  the 
period  from  1947  to  1961,  the  DoD  invested  over  $200 
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million  to  establish  the  titanium  mill  products  industry 
in  the  United  States.  This,  and  the  development  of 
vacuum  melted  buperalloys,  have  been  the  key  factors 
that  enabled  successful  development  and  production  of 
high  performance  military  and  commercial  turbine  engines. 

•  Advances  in  Flight  Operations  and  Safety 

Va/Ung  tftl6  p^Aiod  the  tnaAeA6tng  ntmbe/u  cuAcAa^t, 
thcAA  htghzA  p^Aiomance,  the  need  to  operate  in  all  fUncU 
mathcA,  and  the  pa^6engeA  demancU  comeActal  aviation  weAe 
iaeXoAi  that  placed  new  emphodti  on  6a^e,  Aeltabte  itight  opeAa- 
tlon6.  Tha6,  tfvU  peAlod  ^aw  the  development  o^  IndtAument  landing 
6y6tem^,  AadoA^,  on-booAd  poivcA  geneAatlng  equipment,  and  thAust 
AeveA6eA6  06  majoA  technological  advances, 

Jn6tAument  Landing  SLj6tem  -  The  capability  for 
providing  safe  approaches  to  airfields  and  landings  under 
conditions  of  poor  visibility  was  recognized  early  as  an 
urgent  need  of  aviation.  In  the  four  year  period  from 
1937  to  1941  numerous  experimental  instrument  landings 
were  accomplished  by  pilots  of  the  various  airlines,  Aimy, 
Navy,  and  the  Bureau  of  Air  Commerce.  Developments, 
investigations,  and  evaluations  also  were  conducted  by 
several  National  agencies  during  the  same  period.  These 
efforts  culminated  in  the  establishment  of  the  specifica¬ 
tion  for  the  SCS-51  Instrument  Landing  System  in  January 
1941  by  the  Air  Corps.  This  became  the  standard  landing 
system  for  both  civil  and  military  aviation  with  instal¬ 
lation  at  over  500  ground  stations  and  in  about  18,000 
aircraft.  This  is  essentially  the  same  system  used 
today.  Installation  of  equipment  in  military  aircraft 
began  in  1943.  The  first  installations  in  commercial 
aircraft  occurred  in  about  1947. 

Gxound-Ba6ed  U'ea-the^.  RadaA  -  During  World  War  II, 
the  English  placed  a  very  high  priority  on  the  develop¬ 
ment  of  ground-based  radar  systems  that  could  detect  the 
approach  of  enemy  aircraft.  Early  in  1940  it  became 
apparent  that  these  systems  might  have  other  uses  when  it 
was  calculated  that  radar  systems  capable  of  detecting 
aircraft  would  be  affected  by  clouds,  rain,  and  snow. 

Three  months  later,  the  first  radar-detected  storm  was 
reported  in  England.  After  World  War  II,  a  limited 
number  of  airborne  radars  were  modified  for  ground-based 
observation  of  precipitation;  however,  these  radars  had 
many  deficiencies  when  applied  to  weather  detection.  The 
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first  ground-based  radar  designed  specifically  for 
weather  detection  purposes  was  developed  by  the  Army 
in  1948,  and  the  Weather  Bureau  began  operational  use 
of  a  similar  radar,  which  incorporated  refinements  of 
the  Array  system,  in  1959 «  Weather  radars  have  contri¬ 
buted  significantly  to  military  operations  as  well  as  to 
the  remarkable  safety  record  established  by  commercial 
air  carriers,  through  their  ability  to  detect  hazardous 
storms  and  to  assist  aircraft  in  avoiding  or  safely 
penetrating  storm  areas. 

Voppie.^  Uavi^ation  -  Airborne  radar  was  first 
Jeveloped  in  the  U.S.  for  use  in  navigation  and  bombing 
during  World  War  II.  In  1944,  MIT  developed  the  radar- 
assisted  Norden  Bombsight,  which  resulted  in  improved 
bombing  accuracy.  In  1949,  the  first  airborne  Doppler 
navigation  radar  was  delivered  to  the  Air  Force  by 
General  Precision  Laboratory  for  flight  testing.  A  vast 
improvement  over  earlier  radars,  the  Doppler  system  was 
a  self-contained,  dead  reckoning  navigation  system  that 
used  radar  to  measure  the  aircraft  ground  speed  and  drift 
angle,  and,  by  means  of  a  directional  sensor  and  computer, 
provide  distance  and  direction  travelled  from  point  of 
departure.  The  first  operational  military  Doppler  radar 
was  installed  in  the  F-101  aircraft  in  about  1954,  and, 
ill  1955,  Bendix  fabricated  a  doppler  radar  navigation 
system  for  use  in  commercial  aircraft. 

Cn-BoaKd  Pow^/i  GemA,atZon  -  On-board  electrical 
power  requirements  for  aircraft  initially  were  so  nominal 
that  they  easily  could  be  satisfied  by  automotive  type 
storage  batteries  that  were  used  in  flight,  recharged  on 
the  ground,  and  then  used  again.  As  power  requirements 
grew  to  accommodate  more  electrical  equipment,  however, 
improvements  soon  were  needed,  and  engine-mounted  power 
generators  were  developed.  Even  this  was  not  enough. 

The  requirements  for  the  B-36  intercontinental  bomber 
were  so  large,  for  example,  that  a  considerable  advance 
in  power  generation  technology  was  required.  Light 
weight  and  ease  of  maintenance  were  also  important  con¬ 
siderations.  Thus,  the  three-phase,  400  Hertz,  120/208 
volt  on-board  power  generation  system,  used  in  conjunc¬ 
tion  with  a  constant  speed  drive,  was  developed  for  the 
B-36,  the  experimental  model  of  which  first  flew  in  1946. 
Initial  application  to  commercial  aircraft  occurred  in 
1955.  The  systems  now  in  general  use  on  most  of  the  jet 
powered  commercial  transports  are  direct  descendants 
of  the  system  developed  for  the  B-36. 
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TfiA.u6t  Re.veA.6e,A6  -  Associated  with  the  higher  speeds  of 
aircraft  in  flight  were  the  higher  landing  speeds  that 
resulted.  Thus,  in  the  search  for  a  means  of  slowing  the 
aircraft  and  decreasing  the  ground  roll  after  landing, 
thrust  reversers  for  jet  engines  were  studied  in  the  U.S. 
during  the  1940s.  Initial  funding  on  thrust  reversers  for 
turbojet  aircraft  was  provided  by  the  military,  with 
experimental  models  being  flight  tested  by  the  Navy  as 
early  as  1946.  For  most  military  applications,  however, 
the  associated  weight  penalty  was  difficult  to  accept,  and 
it  was  not  until  1963  that  the  military  first  used  thrust 
reversers  on  operational  aircraft  (the  Lockheed  C-141). 
However,  the  first  commercial  application  of  thrust 
reversers  occurred  much  earlier  in  1954,  when  they  were 
applied  to  the  JT-3C  engine  on  the  Boeing  Model  367-80, 
the  prototype  of  the  707. 

#  Advance  in  Rotary  Wing  Aircraft  Design 

TkU  decade,  cUUo  6aw  the  int/ioduction  and  acceptance  oi  a 
new  t^pe  oi  aJUicJuait  -  the  heticopteA  -  one  that  could  be  tinted 
ueAtCeaXJLy  and  moved  hontzontaJULy  in  any  cLOiectlon,  oa  be  kept 
hove/Ung,  by  la/ige,  engtne-dAtven,  AotoAy  blades  that  pAovtded 
both  U,(t  and  thka6t, 

HeticopteA  -  The  theory  of  lifting  rotor  aerodynaniics, 
which  had  been  developed  in  conjunction  with  the  Autogiro 
during  the  1930s,  was  crucial  to  the  successful  development 
of  this  aircraft.  In  1941,  Sikorsky  successfully  demon¬ 
strated  in  the  U.S.  a  practical  helicopter  (the  Model  VS- 
300)  of  superior  controllability  by  hovering  for  over  one 
hour.  For  the  next  several  years,  advances  were  largely 
stimulated  by  industry,  including  Bell,  Hiller,  Kaman,  and 
Piasecki.  In  1941,  the  Army  placed  its  first  order,  and 
by  1944  had  received  130  of  Sikorsky's  two-place  heli¬ 
copters  (Model  R-4) .  These  were  used  for  observation, 
communication,  and  rescue  work  with  enough  success  to 
guarantee  their  continued  development  and  production.  In 
1946,  commercial  helicopter  shuttle  service  was  inaugu¬ 
rated  by  Helicopter  Air  Transport  of  Philadelphia. 

SIGNIFICANT  TECHNOLOGICAL  ADVANCE  SUMMARY  -  1941-1950 

The  decade  of  the  Forties  in  aviation  was  unique  in  several 
ways.  The  foremost  feature,  perhaps,  was  the  achievement  of  super¬ 
sonic  speeds  and  the  disappearance  of  "sound  barrier"  mythology  into 
the  literature  of  flight.  Several  significant  technological 
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advances  served  as  major  contributions  to  the  progress  that  was 
achieved.  Table  2  contains  a  summary  listing  of  the  advances  that 
have  been  discussed.  As  before,  the  advances  of  this  period  were 
broad  in  both  scope  and  nature,  with  the  military  being  the  leader 
by  far  in  both  sponsorship  and  use.  The  time  lag  between  significant 
event  date  and  use  date  remained  at  about  three  years  for  the 
military,  but  it  had  increased  to  over  eight  years  for  civil  aviation. 


Table  2 

Significant  Technological  Advances  -  1941-1950 


ADVANCE 

HELICOPTER 
ADHESIVE  BONDING 
TURBOJET 

INSTRUMENT  LANDING  SYSTEM 

SWEPT  WING 

DELTA  WING 

FATIGUE  TESTING 

THRUST  REVERSER 

ON-BOARD  POWER  GENERATION 

TITANIUM 

SUPERSONIC  PLIGHT 
GROUND-BASED  WEATHER  RADAR 
DOPPLER  NAVIGATION  RADAR 


*  N/A  -  Not  applicable.  Private  industry  does  not  currently 
operate  weather  radars,  nor  does  it  need  to  do  so. 


AMERICAN  AVIATION  -  1951-1960 


GR0yn*H  AND  PROGRESS 

Aviation  in  the  decade  of  the  Fiftic&  developed 

agcUndt  a  badiQKoatid  devcAol  diveAgent  events,  EoAly  in  the 


III-20 


pvujod  the,  KoA,aan  con^tict  piace.d  A,anewext  empfioA^c^  on  mUJJjoAy 
avtatton,  ^yxKticutxULly  in  the,  tactical  a/iea,  Howe,veA,  u^ith 
attention  on  baltUtic  mi66ilc&,  and  mth  the  advent  o^  the 
epochal  SputiUk,  the  end  Ojj  the  decade  6aw  aviation  p^og^es^ 
becoming  ^econdoAy  to  the  mounting  U,S,  e^^o^td  in  ICBM4  and  4pace. 

Nevertheless,  many  significant  events  occurred  in  aviation 
as  a  whole.  In  November  1950  the  world's  first  all- jet  aerial 
dogfight  occurred  when  an  F-80  shot  down  a  MIG- 15  over  Korea,  and 
American  pilots  demonstrated  exceptional  skills  in  achieving  a 
seven  to  one  victory  ratio  during  the  three  years  of  Korean  combat. 

In  addition,  the  helicopter  continued  to  show  impressive 
utility  in  a  variety  of  battlefield  applications.  In  1951,  the 
Grumman  Cougar  became  the  first  swept- wing,  shipboard  fighter  to 
enter  I.avy  service,  and  the  Air  Force  began  receiving  the  six- jet 
Boeing  B-47.  The  first  B-52  flew  in  October  1952.  Then  in  1954, 
eJight  yea/u  a^tea  flight  oi  the  ^iut  jet  bombea,  the  ^iA6t  flight 
of  a  U.S.  Jet  oiAline/L  occuAAed,  This  was  the  367-80  prototype  of 
the  Boeing  707,  an  aircraft  that  traced  much  of  its  development  to 
Boeing's  experience  with  the  B-47  and  B-52.  The  707  was  placed  in 
commercial  use  in  1958,  and  a  year  later  the  Douglas  DC-8  began 
operation. 

In  1954,  the  Convair  XFY-1  "Tailsitter"  airplane,  which  was 
directed  at  improvements  in  the  launch  and  recovery  of  carrier- 
based  aircraft,  became  the  first  fixed  wing  airplane  to  achieve 
vertical  takeoff  and  then  transition  to  level  flight.  In  1955,  the 
supersonic  F-lOO  set  a  world  speed  record  c£  822  miles  per  hour  in 
level  flight,  and  in  1958,  the  Navy  developed  McDonnell  F-4  first 
flew. 

The  expeoimental  ^eaie^  oi  X-aiAcA,a^t  otto  continued  thaough- 
out  the  fiitleA  in  p/ioving  the  value  ojS  technological  and  design 
advancenent6  to  ai^cAaf^t  coniiguAation6  (^oK  tnamonic  and  ^upeA- 
6onic  flight.  The  rocket-powered  Bell  X-2  established  unofficial 
speed  and  altitude  records  of  2260  miles  per  hour  (Captain  Apt)  and 
126,200  feet  (Captain  Kincheloe).  The  Douglas  X-3  was  built  to 
explore  the  efficiency  of  turbojecs  and  thin,  double-wedge  airfoils 
at  supersonic  speeds.  The  Northrop  X-4  was  developed  to  prove  the 
handling  qualities  of  a  near-delta  wing  airplane  without  the  use  of 
horizontal  stabilizers,  and  the  Bell  X-5  investigated  the  effects  of 
changing  the  angle  of  wing  sweep  in  transonic  flight.  And  finally, 
the  famous  X-15  h>'personic  research  aircraft  had  its  first  free 
flight  in  1959,  after  being  released  from  a  B-52. 
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Conunercially,  annual  aircraft  production  remained  at  about 
the  10,000  level,  but  new  civil  aircraft  sales  outnumbered  military 
sales  by  a  ratio  of  four  to  one.  United  States  airline  revenue- 
passenger  miles  were  almost  40  billion,  a  fourfold  increase  over 
1950,  and  in  1960,  over  81  percent  (2766)  of  the  aircraft  in 
operation  (3376)  on  world  civil  airlines  were  manufactured  in  the 
United  Staler. 

The  decade  of  the  Fifties  again  was  impressive  for  the  growth 
in  aviation  that  occurred.  The  jet  aircraft,  both  military  and 
commercial,  was  opening  up  new  frontiers  in  the  fascinating  story 
of  flight. 

SIGNIFICANT  TECHNOLOGICAL  ADVANCES  -  1951-1960 

Although  significant  advances  aimed  at  improving  aircraft 
performance  continued  during  this  time  period,  increased  emphasis 
was  being  given  to  the  non-aircraft  elements  of  growth  and  progress 
in  the  aircraft  industry.  For  example,  the  application  of  elec¬ 
tronics  to  aviation  was  beginning  to  have  a  substantial  impact  in 
improving  the  effectiveness  and  productivity  of  aircraft,  and  gave 
rise  to  a  special  field  of  technology  known  as  "avionics".  In 
addition,  this  time  period  produced  significant  advances  in  manu¬ 
facturing  technology  and  production  methods.  Twelve  of  these 
advances,  representative  of  the  variety  of  progress  just  mentioned, 
are  considered  major  contributions  to  aviation  in  the  decade  of  the 
Fifties. 


•  Advances  in  the  Improvement  of  Aircraft  Performance 

The  majoA.  advances  tunc  pc/Uod  that  contUbuted 

to  lUgheA  otAcAa^t  pcA^oAmancc  Ac^tcct  the  uUde  voAtetij  ojJ  options 
aveuZabie  ^oa  adUevtng  tncAcoded  capabtUtte&,  Tm  toeAe  tn  acAo- 
dytiamic  design  -  the  oAca  Aale  concept  and  the  blom  ilap;  one 
tn  pAopuZ&ion  -  the  tuAbo^an  engine;  and  one  uxu  in  ^tAuctuAei>  - 
6o^iic  fatigue  testing. 

AAea  Rule  -  One  of  the  most  significant  aerodynamics 
discoveries  of  this  period  came  from  the  laboratories  of 
the  NACA.  Working  to  satisfy  a  military  need  for  reduced 
aerodynamic  drag  in  the  transonic  'egion,  NACA  engineers 
found  that  aircraft  drag  could  be  significantly  reduced 
by  indenting  the  fuselage  to  give  it  a  "wasp-waist"  or 
"coke-bottle"  shape  to  produce  a  desired  total  cross-section 
area  distribution  throughout  the  full  length  of  the  airplane. 
Discovered  and  verified  in  1952  by  Whitcomb,  the  "area-rule" 
concept  was  followed  in  the  design  of  such  fighter  planes 
as  the  Grumman  FllF-1,  which  first  flew  in  July  1954,  and 
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the  Convair  YF-102A,  which  flew  in  December  1954.  It  was 
also  incorporated  in  the  world's  first  supersonic  bomber, 
the  Convair  B-58  Hustler,  which  flew  in  1956.  The  first 
commercial  application  of  this  concept  was  to  the  Convair 
990  in  1962.  The  "area-rule"  concept  has  extensive  potential 
application  to  future  commercial  transport  aircraft. 

Biou)n  Flap  -  The  concept  of  attaining  very  high  lift 
by  blowing  air  from  rearward  facing  slots  over  the  upper 
surface  of  a  flap  was  not  successfully  used  until  the 
introduction  of  jet  powered  aircraft.  The  Navy  requirement 
for  low  take-off  and  la.iding  speeds  for  carrier  operations 
proved  to  be  the  catalyst  for  this  technology.  Attinello*s 
work  on  high- lift  boundary  layer  control  devices  made 
practical  the  first  blown  fiap.  Applied  experimentally  to 
a  Navy  F9F-4  fighter  in  1953,  the  blown  flap  has  since  been 
incorporated  in  such  production  aircraft  as  the  Lockheed 
T2V  (1954),  the  Lockheed  F-104,  the  McDonnell  F-4  and  the 
North  American  A-3J.  It  also  has  been  used  experimentally 
on  a  Boeing  707  commercial  transport.  The  use  of  power 
to  augment  flap  effectiveness  is  expected  to  appear  in 
civil  aviation  first  on  commuter  type  short  haul  aircraft. 

Tu/Lbo^an  Engine  -  Another  very  significant  event  of 
this  period  that  evolved  from  continuing  advance  in  turbine 
engine  technology  was  the  development  of  the  turbofan 
engine.  Essentially,  the  turbofan  is  a  turbojet  engine  in 
which  additional  thrust  is  obtained  from  the  air  that 
bypasses  the  engine  and  is  accelerated  by  a  fan  in  an 
enclosed  duct.  Advent  of  the  tuxbofan  permitted  a  variety 
of  trade-offs  in  obtaining  improved  aircraft  performance 
including  larger  aircraft,  longer  range,  lower  specific 
fuel  consumption,  shorter  take-off  distances,  and  quieter 
engine  operation.  In  1956  the  first  turbofan  engine  was 
assembled  by  Pratt  and  Whitney  from  military  J-57  and  J-75 
engine  components.  This  engine  was  further  developed  as 
the  JT-3D,  which  was  first  used  in  the  Boeing  707  in 
1960,  and  then  as  the  TF-33  in  the  B-52n  in  1961. 

Development  of  a  turbofan  version  of  the  J-79  was  funded 
at  General  Electric  by  the  Air  Force.  Commercial  deriva¬ 
tives  of  this  turbofan  engine  are  used  in  the  Convair  990 
aircraft.  It  is  interesting  to  note  that  the  very  first 
turbofan  engine  was  the  Packard  XJ-49  built  during  1943- 
1946.  However,  its  development  was  terminated  at  that 
time  for  lack  of  a  suitable  application.  Table  3  gives 
additional  information  on  commercial/military  engine 
derivatives  and  applications. 
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Table  3 


Commercial  Engine  Derivatives  of  Military  Engine  Developments 

(Representative  Listing) 


MiLlTAPY  ENGlr'li. _  _ CnM.vrPClAL  COuriTCRPAPT 


DESIG¬ 

NATION 

HIRST 

FLIGHT 

AIRCRAFT 

■GCSIG- 

NATION 

FIRST 

flight 

AIRCRAFT 

NUMBER” 

BOUGHT 

J-47 

MAY 

43 

K-SG,  B-47 

NONE 

— 

CERTIFIED  ONLY 

— 

J-52 

APR 

60 

GAM  .7,  A -4, 

A-6 

JT-8»\ 

FFB  63 

JT-8D  (FAN) 

737,  727,  DC-9 

4501 

j-57 

APR 

52 

3-52,  C-1  5, 

F-8,  A- 5, 

100  SERIF, 

F  IGMTERS 

JT-3C 

MAR  58 

707,  DC-8 

612 

j-60"‘* 

JAN 

60 

C-140,  T-30 

T-2B 

JT-  12 

FEB  Go 

JET  STAR, 
SABRELINEP 

1180 

.J-7S 

MAY 

56 

F-105,  F-106 

;T-4A 

r.ov  5  8 

707-320 

660 

J-70 

JUL 

57 

F-104,  F-4, 

3-58,  A- 5 

CJrf05-3 

JAN  50 

CONVAIR  880 

j6C 

J-8S 

JAN 

b<) 

(.AM-/?,  r-T8, 

F-5,  T  2L 

C.J  f.l(( 

1  ATI  G1 

Ji:r  COMMANDIR, 
LEAR  JET 

1 1  30 

TF-35 

MAR  61 

0-52H,  C-141 

JT-5D 

JUN 

CO 

707,  DC-8 

4060 

TF-35 

NONE 

.... 

CJ8C5-23 

JAN 

61 

CONVAIR  OOO 

272 

TF-37 

NONE 

.... 

CF-700 

AUG 

64 

JET  FALCON 

697 

TF-39 

JUN  68 

C-5 

CF-6-6 

AUG 

70 

OC-10 

136 

T-53 

CIR.56 

UH-1 

T53L13 

.... 

BELL  205 

783 

T-55 

SFP  61 

CM-47A 

T-35L 

— 

VERTOL  114 

63 

T-56 

DEC  56 

C-ljO,  P-3 

5010-15 

DEC 

57 

electra 

2213 

T-58 

MAY  58 

M-1,  H-2 

H-3, 

H-46  SERIES 

CT-58 

JUL 

50 

S-G2,  S-61 

VERTOL  107 

352 

T-6  5 

.... 

OH-Ga,  1-58 

0H-5A 

2  50  C  18 

BELL  JET  RANGER 
HUGHES  500, 

HILlEF  FH-1100 

2600 

T-64 

— 

CH-5i  SERIES 

CT-G4 

SIHORSKY  S-65 

.... 

T-73"" 

— 

CH-54  SE-sIES 

JFTD-12 

.... 

SIKORSKY  S-64 

78 

"  AS 

OF  15  FEB 

1972  -  INFORMATION 

PROVIDED  BY 

ENGINE 

manufacturers. 

THIS  WAS  A  COMMERCIALLY  DEVELOPED  ENGINE  WITH  MIL’TARY  APPLICATIONS. 
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spying  TatiqiLZ  Te.6tiyig  -  Sonic  fatigue  damage  results 
from  structural  vibrations  caused  by  intense  random 
noise.  In  the  mid-1950s  the  sonic  fatigue  problem 
became  serious  enough  to  ground  many  B-52  airplanes  for 
repairs.  In  1956,  B-52  sonic  fatigue  testing  was 
accomplished,  and  in  1957  results  of  KC-135  tests  were 
applied  to  the  commercial  Boeing  707  aircraft.  Then 
a  long  range  program  was  begun  in  1958  to  provide  new 
design  criteria  for  future  airplanes.  This  technology 
has  led  to  improved  sonic  fatigue  resistant  structures 
that  have  been  beneficial  in  both  military  and  commercial 
aircraft  applications. 

#  Advances  in  Manufacturing  Technology 

Va/UyiQ  thyU  tme.  period,  advances  -In  rnanu^aatu/Ung  tech¬ 
nology  began  to  have  -dtgyit^tcant  Impact  on  axAcAa^t  development. 

Two  ol  the^e,  both  ^elxited  to  the  incAea^ed  6ize  OjJ  alAcAa^t 
6tAiictuAei  and  componentii,  u^eAe  the  heavy  p^e^6  pAog^iam  and  nmexi- 
colly  contAolled  machines. 

Heavy  ?Ae^6  P^ogKam  -  The  use  of  large  capacity 
forging  and  extrusion  presses  has  been  one  of  the  major 
>  advances  in  the  "production"  portion  of  the  aviation 

-  story.  In  its  search  for  better  methods  for  the  manu¬ 

facture  of  aircraft  structural  members,  in  larger 
quantities  at  lower  cost,  the  Air  Force  established  the 
heavy  press  manufacturing  technology  program  in  1951. 

By  1958,  four  new  forging  presses  were  constructed  in 
sizes  up  to  50,000  tons,  and  seven  new  extrusion  presses 
were  developed  with  capacities  up  to  14,000  tons.  The 
heavy  presses  were  first  used  to  manufacture  parts  for  the 
B-52  in  1954,  and  for  the  Lockheed  Electra  in  1956. 

These  presses  have  proven  to  be  invaluable  as  the  only 
way  to  produce  the  large  plan-area  components  of  high 
.  strength  titanium  and  steel  that  are  essential  to  the 

production  of  modern  military  and  commercial  aircraft. 

NameAtcally  Controlled  ^fachtne6  -  Numerically 
controlled  machining  is  one  of  the  very  important  capa¬ 
bilities  in  industry  that  largely  has  been  made  possible 
by  the  manufacturing  technology  programs  of  the  DoD.  Today 
the  process  is  used  in  70  percent  of  the  milling  metal 
removal  accomplished  in  aircraft  manufacturing  and  makes 
possible  the  fabrication  of  fully  integrated  members  that 
would  not  be  feasible  otherwise.  Large  solid  pieces  can 
be  cast  and  subsequently  machined  for  such  areas  as  main 
wing  beams,  variable  sweep-wing  pivots,  and  landing  gear. 
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Since  there  are  no  joints  in  these  pieces,  weight  is 
substantially  reduced.  The  machines  also  eliminate  the 
need  for  templates  and  extensive  mechanical  drafting  by 
hand.  The  first  military  contract  to  establish  a 
numerical  control  system  was  awarded  in  1951. 

Numerically  controlled  milling  was  applied  to  piston 
aircraft  in  1956. 

#  Advances  in  Avionics 

Th/iee  examples  the.  Aaptd  pAogA(U>^  being 

made  -cn  aviotu.c6  du/Ung  tftU  pe/Uod  included  6uch  majoA  achievemantd 
06  ineAtioi.  nuvigatijn,  development  oi  the  oiAboAne  digital  com- 
pute/i,  and  the  iifut  u6e  oi  a  satellite  ioA  coimunt cations, 

JneAtial  SJaviqaticn  -  Air  Force  interest  in  a  non¬ 
radiating,  self-contained  navigation  capability  to 
satisfy  military  mission  needs  resulted  in  the  development 
of  the  Space  Position  Inertial  Reference  Equipment  (SPIRE) 
system  by  MIT  in  1953.  Then,  in  the  years  that  followed, 
the  military  sponsored  development  of  the  Litton  series 
of  medium  accuracy,  small,  lightweight  inertial  naviga¬ 
tion  systems  for  the  E-1,  A-6,  P-3,  and  F/RF-4C  aircraft. 
The  first  of  these  systems  was  used  in  1963.  Also,  in 
1963,  Pan  A.merican  Airways  installed  a  Litton  system  in 
a  DC-8  for  a  500  hour  FAA-sponsored  test  program.  This 
was  followed  in  1965  by  a  test  program  using  the  same 
system  coupled  with  an  improved  computer.  Next  came  the 
design  and  procurement  of  over  100  Sperry  commercial 
inertial  navigation  equipments  for  installation  in  the 
707  aircraft  as  an  additional  navigation  aid.  Although 
these  were  withdrawn  from  service  in  1968  because  they 
did  not  meet  FAA  accuracy  specifications,  they  did  form 
the  basis  for  the  Delco  and  Litton  inertial  navigation 
systems  presently  installed  in  the  747  aircraft. 

AiAboAne  digital  CompateA  -  The  inertial  navigation 
system  is  highly  dependent  upon  its  associated  computer. 

In  1957,  the  first  general  purpose  airborne  digital 
computer  was  developed  as  part  of  the  Hughes  fire  control 
system  for  the  F-106.  The  same  year  also  marked  the 
beginning  of  the  development  of  the  Autonetics  solid-state 
computer  and  digital  differential  analyzer  for  the  Hound 
Dog  missile,  as  well  as  the  first  Librascope  solid  state 
general  purpose  digital  computer  for  airborne  use.  This 
computer  was  tested  on  C-131s  and  became  operational  on 
the  C-141.  The  first  commercial  use  of  an  airborne  digital 


III-26 


computer  was  in  conjunction  with  the  inertial  navigation 
equipment  described  above. 


Commun^catZom  Satzll^to,  -  The  use  of  satellites  for 
communication  purposes  has  permitted  a  global  capability 
and  coverage  not  otherwise  attainable.  The  first  demon¬ 
stration  of  this  use  occurred  in  1958  when  the  Presidential 
Christmas  message  was  broadcast  to  the  world  from  an 
orbital  vehicle.  This  was  accomplished  as  part  of  the 
ARPA-Air  Force  Project  Score.  During  1960-1961,  point-to- 
point  communication  was  demonstrated  with  the  ECHO 
satellite,  and  then  satellite  relay  of  television  trans¬ 
mission  was  first  demonstrated  with  TELSTAR  in  1962. 
Military  use  of  satellite  communications  occurred  in  1966, 
with  launch  of  the  pioneering  Initial  Defense  Communica¬ 
tion  Satellite  Program.  This  system  was  comprised  of  eight 
satellites  which  formed  a  belt  around  the  earth  at  an 
altitude  of  18,000  nautical  miles. 

•  Advances  in  Flight  Operations 

Vu/Ung  tko,  technologlcaZ  advances  contZmed  to  be, 

made  to  tmpAove  ^u/UheA  the  AdUabJUUty  and  gaiety  oi  itight  opeAa- 
ttonA.  ThA.ee  the  mo6t  ^igni^teant  weA.e  computeAtzed  iUjghX.  pZan6, 
the  digital  flight  ^imulatoA,  and  weatheA  ■dotellites. 


ComputeAized  flight  Plans  -  Long  range  military 
flints  require  global  weather  coverage  and  accurate  up- 
to-date  weather  information.  Consequently,  numerical 
weather  prediction  techniques,  using  electronic  computers, 
were  developed  under  a  national  program  and  became 
operational  in  1954.  The  Air  Weather  Service  expanded 
these  techniques  to  develop  computerized  flight  plans  that 
incorporated  meteorological  data  in  flight  weather  reports. 
In  1959,  the  first  operational  testing  of  computerized 
flight  plans  began  during  transatlantic  flights  of  C-118 
aircraft.  Extension  of  this  program,  to  include  fuel  and 
aircraft  performance  factors  as  a  function  of  predicted 
weather  conditions,  provided  military  aircrews  fast  and 
accurate  flight  planning  information.  By  1964,  several 
thousand  military  computer  flight  plans  were  issued 
monthly.  The  value  of  these  flight  plans  was  recognized  by 
civil  aviation,  and  the  National  Weather  Service  now  pro¬ 
vides  meteorological  data  to  13  private  processors  who,  in 
turn,  produce  computerized  flight  plans  for  approximately 
150  customers,  including  U.S.  and  foreign  air  carriers. 
First  operational  use  of  computerized  flight  plans  by 
commercial  air  carriers  occurred  in  1961. 
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digital  Flight  SZmuZatoA  -  A  major  advance  in  the  use 
of  simulators  for  pilot  training  and  proficiency  improve¬ 
ment  occurred  in  1960  when  the  University  of  Pennsylvania 
developed  a  digital  flight  simulator  for  military  use.  The 
simulator  had  two  cockpits,  one  for  an  F-lOO  and  one  for  an 
F9F,  either  one  of  which  could  be  operated  from  the  central 
computer.  This  development  established  the  feasibility  of 
real  time  digital  simulation,  using  six  degrees-of-freedom 
flight  equations.  All  flight  simulators  developed  over  the 
next  decade  were  based  on  this  approach.  The  first 
commercial  use  was  in  a  Boeing  727  simulator  built  by  Link 
for  Eastern  Airlines  and  delivered  in  1963. 

Ci’ea^Ae^  Sat^llittl  -  A  new  era  in  the  meteorological 
support  of  flight  operations  began  in  1960  when  TIROS  I, 
the  first  weather  observation  satellite,  was  launched. 

Data  from  this  satellite  had  immediate  use  in  both  military 
and  commercial  aviation.  Although  some  of  the  original  R§D 
had  been  accomplished  under  DoD  sponsorship,  responsibility 
for  weather  satellites  was  transferred  to  NASA  in  1958.  To 
date,  twenty-two  meteorological  satellites  have  been 
launched,  and  NASA  now  has  three  R6D  efforts  for  improving 
meteorological  satellites,  including  the  NIMBUS  program. 
Weather  satellites  provide  the  aviation  meteorologist  with 
a  unique  observing  tool  to  identify  developing  atmospheric 
storms  over  international  routes.  Through  meteorological 
analyses,  the  early  identification  of  flight  hazards  and 
the  timely  diversion  of  aircraft  around  affected  areas  can 
be  accomplished. 

SIGNIFICANT  TECHNOLOGICAL  ADVANCE  SUMMARY  -  1951-1960 

All  of  the  major  technological  advances  of  this  time  period 
were  sponsored  by  the  Government,  again  largely  by  the  military. 

Time  lags  to  use  averaged  just  under  three  years  for  the  military, 
and  were  reduced  during  this  period  to  just  over  five  for  civilian 
aviation.  This  reduction  on  the  civilian  side  might  be  traceable  to 
the  fact  that  most  of  the  advances  in  this  period  were  not  airframe 
or  engine  oriented,  and  thus  not  safety  of  flight  matters,  but 
rather  were  in  the  areas  of  support  systems  and  equipment  and  in 
manufacturing  technology  and  techniques.  Table  4  summarizes  the 
date,  sponsor  and  use  data  presented  in  the  advance  discussions. 
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Table  4 


Significant  Technological  Advances  -  1951-1960 


USER 


ADVANCE 

DATE 

SPONSOR 

MIL 

PVT  SECT 

r.EAVY  PRESS  PROGRAM 

GC'.T  MIL 

1954 

1956 

r.UMERiCALLY  CONTROLLED  MACHINES 

1951 

GOVT  MIL 

1956 

1956 

AREA  RULE 

1952 

GOVT  CIV 

1954 

1962 

BLOWN  FLAP 

1953 

GOVT  MIL 

1954 

- 

i\£RT!AL  NAVIGATION 

1953 

GOVT  MIL 

1963 

1967 

SONIC  FATIGUE  TESTING 

1955 

GOVT  MIL 

1956 

1957 

TURBOrAN  ENGINE 

1936 

GOVT  MIL 

1961 

1960 

AIRBORNE  DIGITAL  C0A\PUTER 

1957 

GOVT  MIL 

1957 

1967 

COMMUNICATIONS  SATELLITE 

1958 

GOVT  MIL 

1966 

1962 

COMPUTERIZED  FLIGHT  PLANS 

1959 

GOVT  MIL  ' 

1959 

1961 

DIGITAL  FLIGHT  SIMULATORS 

1960 

GOVT  MIL 

1960 

1963 

WEATHER  SATELLITES 

1960 

GOVT  CIV 

1960 

1960 

AMERICAN  AVIATION  -  1961-1972 


GROWTH  AND  PROGRESS 

Th^  pe/uod  1967  kcu  bee,n  g^ejdtZy  influenced  by  the  pex~ 

\ja6ive  effects  of  the  6t/Luggle  in  Southecut  A6ia,  ?eAkap6  the  mo6t 
significant  benefii  to  civil  aviation  that  might  de/iive  fn.om  rnili- 
ta/iy  oiA  opeAotions  in  \Jieinjm  is  the  incAeased  expedience  ivith  hM- 
copteAS  gained  by  the  Aamy  and  Marine  Codps,  and  the  resulting  heli- 
copted  technology  advancements.  The  outstanding  success  of  the  heli¬ 
copter  in  Vietnam  as  a  supply  transport,  troop  carrier,  communica¬ 
tions  vehicle,  and  utility  transport  is  paving  the  way  for  new  and 
extensive  civil  applications. 
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OtheA  6^yU^Zca^  Zn^luence^  the  pc/Uod  on  Ame/Ucan 
avtation  cuie  the  Ae6uZt6  ol  the  eHoAt  to  \jixiee  cutAonaat6  on  the 
moon;  the  gAoccth  cuAcAa^t  tndiLStu,e&  tn  ioAelgn  count/Ues;  and 
the  'Unpact  on  avtatton  o^  the  not&e,  poilutton  and  congestion 
t66ae6  0^  the  day. 

The  end  of  the  period  finds  several  military  aircraft  in 
development,  including  the  F-14  fleet  defense  aircraft,  F-15  air 
superiority  fighter,  A-X  close  support  aircraft,  B-1  strategic 
bomber,  and  S-3A  anti-submarine  warfare  aircraft. 

In  addition,  advanced  prototype  developments  underway  or 
proposed  are  the  Lightweight  Fighter,  Advanced  Medium  STOL 
Transport,  and  a  V/STOL  strike  aircraft  for  the  Navy's  Sea 
Control  Ship.  Prototyping  has  been  reinstituted  as  a  method  for 
military  aircraft  development.  The  program  eventually  should 
provide  a  variety  of  demonstrated  hardware  options  that  are 
readily  available  for  further  development  and  possible  production, 
and  should  assist  in  maintaining  industry  design  team  continuity 
and  the  aviation  industrial  base. 

During  this  period  the  XB-70  flew;  and  the  F-111  swing-wing 
tactical  fighter,  the  SR-71  high  altitude  strategic  reconnaissance 
aircraft,  the  A-7  attack  airplane,  the  C-5  transport,  and  other 
aircraft  were  developed.  CommeAcJxMy,  the  uiide-bocUed  and  loAge 
jet  atnltneM  weAe  IntAoduced,  and  supeASontc  tAanspoAts  toe/ie  bcUtt, 
The  latteA,  o^  couAse,  weAe  not  U,S, 

Approximately  the  same  number  of  aircraft  were  produced  in 
the  U.S.  in  1970  as  in  1960  -  some  10,000  -  and  the  vast  majority  of 
the  world's  airliners  still  were  of  U.S.  manufacture.  By  1970,  U.S. 
domestic  and  international  airliners  were  up  to  130  billion  passenger 
-revenue  miles  -  a  threefold  increase  over  1960,  and  U.S.  airlines 
now  had  achieved  a  level  of  safety,  measured  in  terms  of  fatalities 
per  100  million  passenger  miles,  comparable  with,  and  perhaps  better 
than,  that  of  motor  buses  and  railroads  -  approximately  a  hundred¬ 
fold  improvement  in  three  decades.  However,  signs  were  pointing  to 
softness  in  production  and  sales,  and  to  declines  in  profits. 

Thus  the  period  of  the  Sixties  became  one  of  transition  and 
change,  though  the  search  continued  for  the  advances  that  would  make 
improved  effectiveness  and  productivity  possible. 
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SIGNIFICANT  TECHNOLOGICAL  ADVANCES  -  1961-1972 

During  this  period,  the  significant  advances  may  be  grouped 
in  the  areas  of  airframe  design  and  materials,  flight  controls,  and 
avionics,  as  well  as  those  of  V/STOL  and  STOL  performance,  and 
improved  operating  economy. 


Advances  in  Airframe  Design.  Materials  and  Propulsion 


Tm  OjJ  the  ^oua.  mjoA  advances  tkU  poAlod  In  de.6lgn, 
matoAMit^  and  pAcputd^on  involve,  innovations  In  tho,  aerodynamics 
oq  uxng  deAlqn;  another  reJiate.fi  to  the  development  o^  neiv  strong 
ilghtiA)elght  material  -  advanced  composites;  and  the  loarth  Is  the 
most  recent  In  the  turbine  engine  story  -  the  hlg  h- bypass -ratio- 
turbo^an. 

Single- Pivot  l/arlable- Sujeep  (nJlng  -  The  theoretical 
advantages  of  variable- sweep  wings  to  accommodate  efficient 
flight  at  both  high  and  low  speeds  were  not  fully  realized 
until  the  single-pivot  variable-sweep  wing  was  developed. 
This  concept  was  conceived  by  NASA,  and  was  first 
incorporated  on  the  General  Dynamics  F-111  aircraft  in 
1965.  Although  superior  to  earlier  variable- sweep  wing 
designs,  the  construction  of  the  pivot  assembly  ir'.olved 
extremely  critical  design,  manufacture,  inspection,  and 
testing  considerations.  The  Navy  F-14  aircraft  also 
incorporates  this  variable-sweep  design  feature. 

Supercritical  (Jdlng  -  The  concept  of  the  supercritical 
wing  was  originally  developed  by  NASA  and  investigated  by 
wind  tunnel  tests.  The  aerodynamics  of  the  supercritical 
wing  improve  transonic  flight  by  increasing  the  drag  rise 
Mach  number  for  a  given  wing  thickness  ratio.  Flight  tests 

on  modified  Navy  T-2C  and  F-8  airplanes  were  initiated  in 
1970,  and  now  an  Air  Force  F-111  is  being  modified  to 
evaluate  maneuverability  improvements  of  the  supercritical 
airfoil  to  variable-sweep  wings.  Application  of  this 
concept  is  considered  probable  in  future  long  haul  civil 
transport  aircraft. 

Advanced  Composites  -  The  requirements  for  excep- 
tionally  high  strength-  and  stiffness-to-weight  ratio 
materials  for  higher  performance  aircraft  led  the  Air  Force 
to  initiate  an  extensive  advanced  composites  program  in 
1961.  These  are  materials  which  are  comprised  of  high 
strength  fibers,  such  as  those  of  boron  and  graphite,  which 
are  dispersed  in  plastic  resin  and  metal  matrices.  Com¬ 
posite  materials  have  provided  significant  weight  reduction 
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where  used  in  the  airframes  and  engines  of  such  military 
aircraft  as  the  F-4,  F-14,  F-15,  F-111,  and  CH-47.  In 
1969,  25  boron  F-4  rudders  were  obtained  for  the  initial 
service  flight  test  of  advanced  composites.  Use  of  these 
new  materials  in  commercial  airliners  has  not  yet 
occurred  though  the  probability  for  such  use,  perhaps  by 
the  middle  or  end  of  the  decade,  is  very  high. 

H'Cgh-Byioa^^-Rcit^o-Ta/ibo  ^an  -  High-bypass  turbofan  en¬ 
gines  were  developed  and  applied  initially  to  meet  Air  Force 
C-5  requirements.  This  type  of  engine  permits  over  40,000 
pounds  of  takeoff  thrust  at  weights  not  appreciably  greater 
than  turbojets  of  half  this  thrust,  with  better  fuel  con¬ 
sumption,  and  with  substantially  lower  noise  and  pollution 
characteristics.  During  the  competitive  contract  defini¬ 
tion  phase  of  this  program,  the  Air  Force  invested  at 
least  $30  million  in  the  development  of  the  Pratt  and 
Whitney  JTF-14.  This  engine  then  formed  the  direct  base 
for  the  JT-9D  turbofan  engine  which  was  used  in  the  Boeing 
747  in  1970.  The  General  Electric  TF-39  engine,  which  was 
used  on  the  C-5A  aircraft  in  1968,  also  has  a  commercial 
equivalent,  the  CF-6,  which  powers  the  commercial  DC-10. 

•  Advances  in  Flight  Controls 

Tioo  mjoA.  advance.^  duAxng  tliU  po/Ucd  in  tha  a/im  flight 
ccnpLot6  li'c^c.  tkc6a  ojJ  load  cMeviaiion  and  mode.  contAol,  and  lly- 
btj-iciAn,  Mo4.e  iinpoAtantly,  pcafiap^,  the.  mak  leading  to  th(U>e 
advances  U  cuAAentlij  being  extended  and  may  AeMilt  in  an  advanced 
ac^vc  digital  iligkt  contAol  6y6tejm  that  ixill  ^ntegnate.  stability 
augmmtatlcn,  Aide  quality,  load  allev^Lation  and  mode  6uppAeJ>4iion, 
and  otheA  (flight  ec^itA.ot  (unctions  into  a  single  systein.  Applica¬ 
tion  in  the  design  pho^e  0|5  a  neic  alACAa(t  could  ptoduce  signifi¬ 
cant  iceiglU  and  dAag  savings  and  be  translated  Into  moAC  Aange, 
payload,  speed,  maneuverability,  opcAational  life, and  otheA  desired 
qualities . 

Load  Alleviation  and  Mode  Control  -  The  first  major 
program  to  establish  the  feasibility  of  actively  con¬ 
trolling  aircraft  structural  responses  for  load  alleviation 
and  mode  suppression  was  begun  by  the  Air  Force  in  1965, 
under  the  title  ’’Gust  Alleviation  and  Structural  Dynamic 
Stability  Augmentation  System."  Tlus  refers  to  the 
incorporation  of  properly  located  control  surfaces  that 
respond  to  local  accelerations  induced  by  turbulent  air  and 
smoothen  the  aircraft  riding  qualities.  Primary  emphasis 
was  to  show  ride  improvement  and  gust  load  alleviation  for 
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the  low  altitude,  high  speed  strategic  bomber  penetration 
mission.  In  1966,  an  advanced  development  program  called 
"Load  Alleviation  and  Mode  Stabilization"  (LAMS)  was 
initiated.  A  flight  test  program  of  a  B-52  equipped  with 
the  LAMS  system  demonstrated  a  50  percent  reduction  in 
fatigue  damage  rate  due  to  turbulence  encounter.  In  1971, 
modification  of  the  B‘-52G  and  H  fleet  was  begun  to  mark 
the  first  intentional  use  of  the  automatic  control  system 
to  resolve  problems  resulting  from  structural  response. 

The  Lockheed  1011  commercial  transport  already  has 
incorporated  a  direct  lift  control  system  that  is  directly 
traceable  to  the  LAMS  demonstration.  Previous  direct  lift 
control  devices  had  been  developed  by  Douglas  for  the  A3D 
and  by  Vought  for  the  F-8. 

-  A  new  concept  in  flight  control  is  fly- 
by-wire,  in  which  an  electrical  signal  path,  rather  than 
mechanical  connection  between  the  cockpit  controller  and 
the  control  surface  actuator,  is  used  for  primary  flight 
control.  This  control  technique,  particularly  when 
redundancy  is  important  for  survivability  or  reliability 
purposes,  permits  significant  weight  savings  and  simplicity 
in  design.  A  single-axis  (pitch)  fly-by-wire  system  was 
flight  tested  by  the  Air  Force  in  a  B-47  in  the  1967-1969 
period.  Beginning  in  1970,  further  work,  soon  to  result  in 
C-141  flight  tests,  was  accomplished,  and  additional 
important  development  and  demonstration  efforts  were  estab¬ 
lished.  An  Air  Force  survivable  flight  control  program 
also  is  underway  to  demonstrate  a  quad-redundant  three-axis 
fly-by-wire  capability  in  a  yF-4E  aircraft.  In  addition, 
NASA  has  a  fly-by- wire  program  directed  at  developing  and 
demonstrating  the  application  of  reliable  and  low  cost 
digital  flight  control  systems  to  advanced  civil  aircraft. 
Initial  flight  tests,  to  begin  in  1972,  will  help  establish 
the  feasibility  of  a  single-channel  digital  fly-by-wire 
system  using  modified  Apollo  spacecraft  equipment 
installed  in  an  F-8C  aircraft.  A  related  Active  Controls 
Technology  program  will  provide  design  criteria  and  inte¬ 
grated  design  approaches  to  permit  the  application  of  these 
concepts  to  commercial  transport  aircraft. 

•  Advances  in  Avionics 

Advances  in  avion.LC6  continue,  to  provide  impA.ove/ne.nt6 
in  att  pluue^  aiAcAa^t  opeAaiion.  Some,  o^  ike  mo6i  significant 
duAing  this  period  loeAe  those  in  micAoeiectAonics  and  the  oiAhoAne 
phased -aAAau  nadoA, 
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MicKO  zlo^dtKo  nici  -  The  drive  to  reduce  the  weight, 
volume,  and  power  requirements  of  electronic  equipment 
has  provided  the  stimulus  for  the  miniaturization  of  this 
equipment  through  the  development  of  microelectronics. 

The  integrated  circuit,  for  example,  was  announced  early 
in  the  Sixties,  and  the  industrial  base  for  the  develop¬ 
ment,  application,  and  production  of  integrated  circuits 
can  be  traced  to  two  military  contracts  which  first 
demonstrated  production  processes  for  these  circuits  in 
1961,  By  1963,  the  inertial  navigation  system  for  the 
Air  Force  F/RF-4C  contained  integrated  circuits.  In 
1970,  integrated  circuit  sales  by  U.S.  industry  were  $887 
million  according  to  statistics  published  by  the  Department 
of  Commerce.  Today,  integrated  circuits  are  finding  many 
applications  in  both  military  and  civil  aviation,  including 
computers,  altimeters,  autopilots,  displays,  and  communi¬ 
cations  equipment.  The  Boeing  747  has  electronic  equipment 
containing  integrated  circuits. 

Aln,bo^na  Plia6e.d- l\adaA  -  The  Air  Force  and  Navy 
both  have  sponsored  substantial  development  effort  in  the 
area  of  airborne  phased -array  radar  technology  in  the 
effort  to  acquire  multi-mode  radars  that  are  capable  of 
performing  such  multiple  functions  as  terrain  following, 
fire  control,  and  weapon  delivery.  The  components  and 
other  technology  developed  for  electronic  beam  forming, 
scanning,  and  processing  have  possible  future  application  to 
air  traffic  control  and  landing  systems  for  use  at  high 
traffic  density  terminals.  In  1965,  the  Air  Force  initi¬ 
ated  effort  to  develop  Radome  and  Radio  Frequency  (RARF) 
components  for  airborne  phased-array  radar  applications, 
and  flight  tests  were  begun  in  1970.  Also  starting  in 
1965,  a  phased-array  antenna  was  built  by  Maxson  Elec¬ 
tronics  for  the  Navy.  It  was  flight  tested  in  1969. 

Another  pioneering  effort  of  the  Air  Force  was  the 
Molecular  Electronics  foi  Radar  Applications  (MERA)  phased- 
array  development,  which  de.^'onstrated  the  solid  state 
active  element  concept.  Operational  applications  of  this 
type  of  radar  are  expected  in  the  near  future. 

#  Advances  Applicable  to  V/STOL  Aircraft 

Tku  pcAlod  fUgli  fn  both  ^hoAX  takco^^  and 

landing  iSTCL)  and  vcaXicaZ  and  landing  IVTOL)  OAAc^fi  by 

ail  oi  the  SeAvicci,  Ticc  poAticula/i  significance  have  been  the 
IZ/STOI  ACSeoAch  oiACAaft  and  advanced  blom  flap  pAogAam, 


1//ST0L  R&^ea/Lcfi  AZA,cAait  -  Several  experimental  design 
approaches  for  V^STOL  airplanes  have  been  studied,  and 
many  experiments  conducted,  since  the  late  1950s.  These 
efforts  reached  fruition  in  the  tri- service  experimental 
V'/STOL  Aircraft  Program  of  the  early  1960s.  Three  air¬ 
craft  were  developed:  the  LTV  XC-142A  tilt  wing  airplane 
which  flew  in  1964;  the  Curtiss-Wright  X-19A  tilt 
propeller  airplane  which  also  flew  in  1964;  and  the  tilt- 
ducted  propeller  Bell  X-22A,  which  flew  in  1966.  Further 
studies  and  experiments  have  continued  since  that  time. 

In  addition,  the  U.S.  Marines  have  introduced  the  British 
Hawker-Siddeley  AV-8  Harrier  vectored  jet  V/STOL  airplane 
into  operational  use  as  a  close  support  aircraft.  The 
application  of  V/STOL  concepts  to  high  performance  military 
fighters,  fighter  bombers  and  transports  may  permit  very 
significant  advantages  in  operation  from  austere  and 
relatively  unprepared  and  short  forward  airstrips,  from 
carriers,  or  from  any  location  where  standard  runways  are 
not  available,  feasible,  or  desired.  Significant  commercial 
application  may  be  in  the  short-haul  area,  either  high 
density  or  low  density,  where  the  runway  and  runway 
location  considerations  are  of  major  interest. 

Advanced  fiap6  -  In  the  early  1970s,  work  was 

initiated  by  NASA  and  the  DoD  to  develop  advanced  blown 
flaps  and  a  powered- lift  technology  base  for  the  design 
and  operation  of  civil  and  military  fan-jet  STOL  trans¬ 
ports  that  would  be  safe,  quiet,  efficient,  and  have  low 
pollutant  emissions.  A  NASA  C-8  aircraft  is  now  being 
modified  in  a  joint  program  supported  by  the  Canadian 
Government.  This  aircraft  will  have  an  augmentor  wing 
powered  high- lift  system  for  STOL  proof-of-design  and 
handling  qualities  flight  tests.  In  addition,  the  ex¬ 
ternally  blown  flap  concept  will  be  evaluated  in  the 
planned  NASA  Quiet  Experimental  STOL  Research  Airplane 
(QUESTOL)  Program  and  the  Air  Force  Advanced  Medium  STOL 
Transport  (AMST)  advanced  prototype  program  that  has  been 
proposed. 

•  Advances  in  Flight  Operations 

Two  techno iogicxiZ  advance  tku  peAtod  con- 

t/UbuXod  to  the  6alety  and  eiitcxency  OjJ  itight  opcAottonA.  TheAe 
wcAe  the  development  cold  ^og  dlAAtpation  technXxiueA  atvd  the 
navigation  AoteUite, 
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Fog  -  Delays  due  to  weather  cause 

great  expense  to  airline  operations  and  inhibit  the  full 
effectiveness  of  military  air  operations.  Therefore, 
efforts  have  been  made  to  modify  various  types  of 
undesirable  weather  conditions.  In  the  northern  sections 
of  the  United  States,  cold  fog  has  caused  the  delay, 
diversion,  or  cancellation  of  numerous  scheduled  airline 
flights.  This  has  resulted  in  a  considerable  annual 
economic  loss  and,  consequently.  United  Airlines  developed 
the  first  cold  fog  dissipation  system  in  the  U.S.  during 
the  1963-64  time  period,  dispersing  crushed  dry  ice  from 
light  aircraft.  This  airborne  system  proved  successful  and 
today  many  other  airlines  and  airports  now  share  in  the 
cost  for  this  type  of  weather  modification.  In  1967,  the 
Air  Force  also  adopted  this  airborne  system  seeding  tech¬ 
nique.  Using  WC-130  aircraft,  this  cold  fog  dissipation 
capability  is  now  operational  at  ten  Air  Force  bases  in 
the  United  States  and  Europe.  The  first  ground-based 
system  for  cold  fog  dissipation  was  developed  by  the 
Air  Force  and  initially  used  at  Fairchild  AFB,  Washington, 
using  liquid  propane  dispensers.  Disruptions  caused  by 
the  cold  fog  portion  of  the  weather  problem  have  greatly 
decreased  through  the  use  of  these  systems. 

Slav ycg a t>Lon  Satellite  -  An  outstanding  example  of  the 
application  of  space  systems  and  technology  to  aeronauti¬ 
cal  use  is  the  navigation  satellite.  In  1964,  a  low 
altitude  orbital  Doppler  experiment  in  a  polar  orbit  led 
to  the  Navy  TRANSIT  navigation  satellite  system,  which  is 
still  operational  today.  In  1968,  concept  definition 
studies  were  begun  for  the  advanced  Air  Force  621B  navi¬ 
gation  satellite  system.  These  studies  resulted  in 
definition  of  equipment  and  experiments.  Also  in  1968, 

Army  effort  was  initiated  to  study  the  establishment  of 
common  grid  navigational  compatibility  to  tactical  aircraft 
and  ground  forces.  From  these  efforts  a  new  system  with  a 
widv  variety  of  military,  and  possibly  commercial,  appli¬ 
cations  is  expected. 

SIGNIFICANT  TECHNOLOGICAL  ADVANCE  SUMMARY  -  1961-1972 

The  date,  sponsor  and  user  data  for  the  most  significant 
advances  of  the  Sixties  are  summarized  in  Table  5.  Again,  almost 
all  of  the  advances  are  Government  sponsored,  primarily  military. 

The  table  also  shows  that  many  of  the  advances  have  not  yet  found 
application  in  operational  use.  This  normally  would  be  expected 
because  of  the  time  needed  for  testing  and  refinement.  For  those 
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advances  that  have  been  incorporated  into  operational  aircraft,  the 
time  lag  has  been  three  years  for  military  aviation  and  just  over 
three  and  one -half  years  for  the  private  sector. 


Table  5 


Significant  Technological  Advances  -  1961-1972 


ADVANCE 

DATE 

SPONSOR 

USER 

MIL 

PVT  SECT 

ADVANCED  COMPOSITES 

1961 

GOVT  MIL 

1969 

- 

MICROELECTRONICS 

1961 

GOVT  MIL 

1963 

1969 

FOG  DISPERSAL 

1963 

PVT  SECT 

1967 

1963 

NAVIGATION  SATELLITE 

1964 

GOVT  MIL 

1964 

- 

V/STOL  RESEARCH  AIRCRAFT 

1964 

GOVT  MIL 

- 

- 

AIRBORNE  PHASED-ARRAY  RADAR 

1965 

GOVT  MIL 

- 

- 

SINGLE- PIVOT  variable- SWEEP  WING 

1965 

GOVT  MIL 

1965 

- 

LOAD  alleviation  AND  MODE  CONTROL 

1965 

GOVT  MIL 

1971 

- 

HIGH- BYPASS  TURBOFAN 

1967 

GOVT  MIL 

1968 

1970 

SUPERCRITICAL  WING 

1970 

GOVT  JOINT 

- 

- 

FLY- BY-WIRE 

1970 

GOVT  MIL 

- 

- 

ADVANCED  BLOWN  FLAPS 

1970 

GOVT  CIV 

- 

TECHNOLOGICAL  ADVANCE  REVIEW 


A  review  of  the  significant  technological  advances  in  aviation 
that  have  been  identified  and  described  in  this  section  of  the  report 
shows  that  there  arc  approximately  the  same  number  of  advances,  and 
approximately  the  same  rate  of  advances  per  year,  for  all  of  the  time 
periods,  as  shown  in  Table  6,  The  period  including  World  War  II  con¬ 
tains  the  greatest  number  of  advances  per  year,  indicating  the  effects 
of  the  large  wartime  effort  directed  to  air  power. 
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Table  6 


Rate  of  Technological  Advances 


TIME  PERIOD 

NUMBER  OF  ADVANCES 

ADVANCES  PER  YEAR 

1925-1940 

14 

0.9 

1941-1950 

13 

1.3 

1951-1960 

12 

1.2 

1961-1972 

12 

1.1 

51 

Further  analysis  of  these  same  advances  with  respect  to 
whether  the  first  action  is  creditable  to  Government  or  private 
sector  sponsorship  (source  of  funding)  is  shown  in  Table  7. 

Table  7 

Sponsorship  of  Technological  Advances 


TIME  PERIOD 

GOVERNMENT 

MILITARY 

GOVERM€NT 

CIVIL 

PRIVATE 

SECTOR 

TOTAL 

1925-1940 

7 

C50%) 

3 

(21%) 

4 

(29%) 

14 

1941-1950 

9.5 

(73%) 

2.5 

(19%) 

1 

(  8%) 

13 

1951-1960 

10 

(83%) 

2 

(17%) 

0 

- 

12 

1961-1972 

9.5 

(80%) 

1.5 

(12%) 

1 

oo 

12 

TOTAL 

36 

(70%) 

9 

(18%) 

6 

(  12%) 

51 

S^wce  Wo-nZd  Woa  11,  thz  mitutoAy  fuu  been  the  unque^ttoned 
leadeA  in  the  6pon60K6hip  and  lue  oi  technotogicat  advance  in 
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avM^n,  TkU  ha^  Ko^uttzd  iKom  the  demands  o(  the.  defence 
mi66ton  and  the  need  to  meUntatn  ae^nautccaZ  6y6tem  nipenJLoKJUty. 


In  the  data,  equipment,  and  components  area,  where  there 
usually  is  relatively  low  risk  in  application,  where  safety  of 
flight  is  not  a  problem,  and  where  financial  investment  is 
relatively  low,  application  of  technological  advance  has  been 
rapid,  usually  within  one  to  two  years  for  the  advances  studied. 

The  application  of  advances  in  this  area  also  is  strongly 
influenced  by  the  consideration  of  economics. 

The  application  of  major  airframe  and  engine  advances  has 
been  somewhat  slower.  Here,  all  of  the  many  kinds  of  risks  are  at 
work,  and  users,  particularly  those  in  commercial  aviation,  wait 
for  the  completion  of  long  periods  of  development,  test  and  evalua¬ 
tion.  Some  examples  are  the  introduction  of  the  jet  engine  -  1  year 
to  military  first  use,  3  years  to  commercial  use;  swept  wings  -  2 
years  military,  9  years  commercial;  and  titanium  -  5  years  military, 
7  years  commercial. 

Table  8  reflects  the  time  lag  to  use  for  all  of  the  advances 
discussed  in  this  section. 


Table  8 


Average  Time  Lag  to  Use 


TIME  PERIOD 

MILITARY 

PRIVATE  SECTOR 

1925-19‘tO 

2.79 

3.57 

1991-1950 

3.96 

8.10 

1951-1960 

2.91 

5.36 

1961-1972 

3.00 

3.67 

OVERALL  AVERAGE 

3.04 

5.17 

In  regard  to  the  time  lag  between  military  and  civilian 
achievement  of  a  given  level  of  overall  aircraft  performance,  the 


J  ‘tt*  V  »»i*^-.A;^rf;^^i-> 


data  shovm  in  Figure  1  is  of  interest.  Originally  cited  by  Lent*, 
this  data  shows  a  clear  "lead-trend**  relationship  of  military 
fighter  and  bomber  speeds  to  civil  transport  aircraft  speeds.  The 
divergence  in  the  transport  speed  trend  shows  the  difference 
between  subsonic  and  supersonic  aircraft. 


Figure  1  -  Speed  Trends  of  Aircraft 

As  shown  in  the  Figure,  as  the  military  quest  for  faster 
combat  aircraft  pushed  maximum  speeds  ever  higher,  there  was  an 
increasing  time  lag  to  the  attainment  of  comparable  speed  by 
transport  aircraft.  Not  only  was  the  higher  transport  speed 


*  Originally  cited  by  R.  C.  Lenz,  Jr.,  in  "Technological  Fore¬ 
casting,"  ASD-TDR-62-414,  Aeronautical  Systems  Division,  AFSC, 
June  1962,  with  revision  to  include  subsonic  transport  trend 
data,  March  1972. 
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progressively  more  difficult  and  expensive  to  achieve,  but  it 
also  was  not  considered  so  important  a  performance  parameter  to 
transport  aircraft  as  it  was  to  combat  aircraft.  The  step  of 
using  jet  engines  for  transport  aircraft  in  the  late  Fifties 
improved  the  time  lag  somewhat,  but  it  quickly  lengthened  again. 
With  the  advei.t  of  supersonic  transports  such  as  the  Anglo-French 
Concorde  and  the  Soviet  TU-144,  another  step  change  in  this 
relationship  appears  at  hand. 

OBSERVATIONS 

Several  important  summary  observations  can  be  derived  from 
the  foregoing  historical  discussion  of  aviation  progress  and  the 
significant  technological  advances  that  have  been  made  in  aviation 
since  1925. 


•  Vvut,  U.S.  (voAjatloYi  fiQjoJUiy  bzgan  to  qkou)  and  pKo^pefi 
duAtng  the  late  Twenties.  A  large  number  of  early  advances, 
primarily  airframe  and  engine  oriented,  were  stimulated  by  civil 
aviation  needs,  but  nearly  all  were  influenced  by  the  work, 
research,  and  experimentation  of  Government  agencies. 

•  Second,  nuIttaAy  6pon60A^fUp  and  ilA&t  LUe  have  charac¬ 
terized  mo6t  oi  the  significant  technological  advances  that  have 
been  made  since  the  beginning  of  World  War  II.  This  has  resulted 
from  the  priorities  and  R§D  needs  associated  with  the  DoD  mission 
of  developing  qualitatively  superior  aerospace  systems  for  the 
defense  of  the  Nation. 


•  Third,  military  research,  development,  test, and  evaluation 
usually  have  provided  the  basis  for  the  acceptance  and  use  by  civil 
aviation  of  technological  advancement.  The  jet  airliner  is 
probably  the  best  example  of  the  civilian  application  of  a  military 
sponsored  research,  development,  and  production  base. 


•  fourth,  aviation  progress  has  many  contributors.  Several 
advances  have  had  their  basic  origins  in  foreign  countries,  with 
the  U.S.  exploiting  them  in  further  development  and  use.  Technical 
disciplines  and  sciences  in  many  areas  have  been  involved,  such  as 
those  in  meteorology,  human  factors, and  aviation  medicine  that  are 
often  not  considered.  In  addition.  Government  non-defense  agencies. 


SECTION  IV 


MILITARY  RESEARCH  AND  TECHNOLOGY  PROGRAM  RELEVANCY 
TO  CIVIL  AVIATION  RsD  NEEDS 

This  section  summarizes  civil  aviation  RSD  needs,  as  identified 
in  the  recently  completed  Joint  DoT-NASA  Civil  Aviation  Research  and 
Development  (CARD)  Policy  Study,  as  well  as  the  current  and  planned 
military  research  and  technology  efforts  that  provide  relevant  con¬ 
tributions  to  these  needs. 


CIVIL  AVIATION  RSD  NEEDS 


The  mjoK  problem  aviation  that  fi^wUio.  inc/ie/uod 

ejnphaAl&  and  tilgh  pfUoKity  RSV  p^gmn6  oAe  not&^  abatement,  KeZiti 
oi  congestion  in  oAeas  o^  iiigh  tnal^ijc  density,  and  low  density  shont- 
fiaut  tkanspontatton.  Additionally,  there  are  other  problems  that  are 
very  important  to  the  future  of  civil  aviation,  especially  those 
relating  to  long-haul  transportation,  air  pollution,  air  cargo,  and 
the  broad  technology  base  supporting  all  of  the  needs. 

NOISE  ABATEMENT 

AvicAait  noise  abatement  has  been  assigned  the  highest  pujofUty 
because  o^  icidesptead  public  conceKn  ^ok  the  envinxjnment  and  bejccuiSe 
the  success  oi  the  noise  abatement  pA.ogAam  mtt  affect  the  solutions 
to  otheA  pAoblemS.  The  need  for  noise  abatement  research  and  tech¬ 
nology  will  continue  until  aircraft  noise  is  no  longer  a  matter  of 
military  or  public  concern. 

Solution  of  the  noise  problem  will  require  balanced  and  compre¬ 
hensive  R§D  programs  designed  to  include  research  in  psychoacoustical 
phenomena,  basic  noise  generation  mechanisms,  and  quiet  engine  tech¬ 
nology;  the  reduction  of  noise  generated  at  the  source  through  im¬ 
proved  design  of  aircraft  and  engines;  the  optimization  of  the  flight 
path  of  aircraft  through  use  of  steep  descent  and  curved  approaches; 
and  the  development  of  better  planning  and  control  for  use  of  land 
adjacent  to  airports. 

CONGESTION 

Congestion  is  next  on  the  list  of^  pfitontty  pAoblems.  It  is  veAy 
complex  and  involves  the  oiAmys,  oiA  tAa^ilc  contAol,  and  oiApoAt 
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teAmZrjitd,  Its  solution  will  involve  an  organized  effort  directed  at 
air  traffic  control,  runway  capacity,  ground  control  of  aircraft, 
terminal  processing,  access  and  egress,  parking,  and  airport  acquisi¬ 
tion  and  development.  The  airways  system  should  be  upgraded  to  in¬ 
crease  both  capacity  and  safety,  as  well  as  to  bring  rising  operating 
costs  under  control. 

A  new  short-haul  system,  separated  as  much  as  possible  from  the 
present  long-haul  system,  could  help  relieve  congestion  at  existing 
airports,  especially  those  in  areas  of  high  traffic  density.  A  con¬ 
tender  for  this  new  system  could  be  one  making  use  of  STOL  aircraft. 
The  CARD  Study  suggested  the  use  of  several  airports  as  R§D  tools  for 
demonstration  and  experimental  purposes  related  to  alleviating  ter¬ 
minal  congestion.  Areas  of  emphasis  would  include  off-site  passenger 
and  cargo  processing,  automated  passenger  processing,  aircraft  ground 
control,  and  alternate  procedures  to  set  takeoff  and  landing  prior¬ 
ities. 

LOW  DENSITY  SHORT-HAUL  TRANSPORTATION 

Mthough  lon'eA  in  pKioKitij  than  and  congestion,  solutions 

to  the  problems  oi  loui  density  shont-liaul  soAvice  (Ml  be  important 
to  the  iutuAe  civiZ  aviation  and  to  its  ability  to  cont/Ubute  to 
the  goals  C|S  the  nation.  Increased  R§D  and  other  actions  will  be 
necessary  in  order  to  obtain  better  solutions  to  the  problems. 

Studies  should  be  conducted  to  examine  possible  design  concepts 
for  low  density,  short-haul  aircraft.  A  combination  of  these  studies 
and  market  experiments  could  lead  to  the  definition  of  an  aircraft 
which  would  have  the  capacity,  economics  and  performance  character¬ 
istics  to  best  serve  the  low  density  markets. 

LONG-HAUL  TRANSPORTATION 

T/ic  long-haul  (na/iket  has  long  beeji  the  backbone  o^  the  U.  S, 
civil  t^anifMt  aviation  indust/iy.  Constant  improvements  in  technol- 
ogy  ficr  long-haul  vehicles  and  thein.  propulsion  systems  are  essential 
to  continued  U.  S.  leadership  in  this  iield.  Included  would  be  pro¬ 
grams  related  to  supersonic  transports.  If  R^D  can  help  remove 
objections  to  these  vehicles,  they  offer  the  promise  of  increased  pro¬ 
ductivity,  especially  for  international  routes.  Important  areas 
would  include  research  to  reduce  noise  and  a  sharply  focused  program 
to  assess  upper  atmosphere  pollution. 

AIR  POLLUTION 

Another  area  requiring  continued  attention  is  pollution  from 
engine  CKhauSt  emissions.  Jet  aircraft  produce  only  about  one-seventh 
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of  the  pollution  per  passenger-mile  when  compared  with  automobiles. 
With  the  growth  predicted  for  civil  aviaton  in  the  future,  however, 
this  level  may  not  be  acceptable,  and  intensified  R§D  in  engine  cycles 
and  fuels  will  be  required  if  this  problem  is  to  be  alleviated. 

AIR  CARGO 

AWicagii  the,  cuUl  ccuigo  oAexi  aJUo  It  tmpofitoiWt  to  thz  iutu/ie,  oi 
civil  aviaticn,  the.  Government* t  role  ior  the  pretent  could  become 
pfUnwUly  one  oi  tetting  ttandardt  and  atturing  taiety.  In  accepting 
the  responsibility  for  standards  and  safety,  it  would  be  important 
for  Government  to  sponsor  the  R§D  necessary  to  discharge  this  obliga¬ 
tion  effectively. 

BROAD- BASE  TECHNOLOGY 

A  general  iinding  ojJ  the  CARP  Study  Mit  that  the  varied  problemt 
of  civil  aviation  require  broad-bate  programt  in  retearch  and  develop¬ 
ment,  including  increated  emphatit  on  non-phytical  tciencet  tuch  at 
economict  and  tociology. 

Such  programs  would  include:  (a)  systems  engineering,  simula¬ 
tion,  and  trade-off  studies  of  new  concepts  for  air  traffic  control 
and  airport  design;  (b)  improving  the  accuracy  and  increasing  the 
applicability  of  aerodynamic  theory;  (c)  aircraft  configurations 
suitable  for  both  the  long-  and  short-haul  markets  and  incorporating 
advanced  technologies  such  as  new  VTOL  and  STOL  concepts  and  super¬ 
critical  aerodynamics;  (d)  improved  engine  cycles  to  minimize  noise 
gei'eration,  increase  thrust-to-weight  ratio,  and  reduce  specific  fuel 
consumption;  and  (e)  improved  structural  concepts,  materials,  and 
fabrication  techniques  to  reduce  the  structural  weight  fraction  and 
thereby  permit  greater  payloads  and  longer  ranges  for  advanced  air¬ 
craft. 


Broad-base  technology  programs  would  produce  the  technology 
necessary  to  solve  the  varied  problems  of  civil  aviation,  to  allow 
civil  aviation  to  achieve  its  full  potential,  and  to  provide  options 
for  future  developments.  As  always,  research  and  technology  programs 
would  be  necessary  in  several  basic  disciplines,  inc.uding  avionics, 
communications,  aerodynamics,  propulsion,  structures,  human  factors, 
and  applied  mathematics. 


MILITARY  RESEARCH  AND  TECHNOLOGY  PROGRAMS  RELEVANT  TO 
CIVIL  AVIATION  RgP  NEEDS 


This  section  summarizes  many  of  the  current  and  planned  military 
aeronautical  research  and  technology  programs  that  relate  to  the  R§D 
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needs  of  civil  transport  aviation  described  above.  Specific  refer¬ 
ences  to  the  programs  of  other  Government  agencies  are  included  when 
such  efforts  reflect  joint  programs  or  when  direct  interfaces  are 
involved. 

As  stated  previously,  the  CARD  Study  report  was  used  as  the 
source  document  for  identification  of  the  needs.  Although  the  CARD 
Study  was  accomplished  during  the  period  when  the  Supersonic  Trans¬ 
port  (SST)  was  an  approved  program,  and  the  results  and  priorities 
might  change  somewhat  if  the  CARD  Study  were  updated  today,  it  is  not 
believed  that  this  would  affect  to  any  extent  the  manner  in  which 
military  research  and  technology  program  relevancy  has  been  deter¬ 
mined. 


However,  one  significant  difference  does  exist  between  the 
structure  of  the  CARD  Study  of  civil  aviation  R^D  needs  and  the 
RADCAP  discussion  of  these  needs.  In  the  CARD  report,  high  density 
short-haul  transportation  was  considered  part  of  the  congestion  prob¬ 
lem.  In  this  report,  however,  the  military  R^D  programs  relating  to 
low  density  and  high  density  short-haul  transportation  are  both 
treated  in  an  overall  review  of  short-haul  transportation. 

MILITARY  RESEARCH  AND  TECHNOLOGY  RELEVANT  TO  NOISE  ABATEMENT 

T/ie  VoV  long  been  aatloe.  In  nolso,  abatement  to  p.n.ovtde  a 
nmfUng  envlAoment  {ok  ground  and  ^tigiit  cnem,  to  alleoiate 
the  pM'blm  o{^  acon^ttcoMy  induced  it^ctu/ial  fatigue,  to  deduce  the 
possibility  ol  auAal  detection  during  combat  opeAotions,  and  to  im~ 
p^ovc.  the  general  community  enolAonment  abound  military  oiK  basejs* 
Moiv,  as  in  ci.v-iZ  aviation,  the  VoV  ts  emphasizing  conJSideAotton  (^oK 
public  conce/in,  and  the  improvement  o^  the  nois>e  environment  around 
military  air  base^s,  as  important  tasks  in  its  no^ise  reduction  pro¬ 
gram  . 

•  The  Army,  Navy,  and  Air  Force  are  major  participants  in 
the  Interagency  Aircraft  Noise  Abatement  Program  under  the  leadership 
of  the  Department  of  Transportation  (DoT).  The  broad  goal  of  this 
program  is  to  achieve  maximum  reduction  in  aircraft  noise  by  optimiz¬ 
ing  the  noise  reduction  potential  from  each  element  of  the  system  - 
vehicles,  methods  of  operation,  and  associated  laid  use  strategies. 

•  In  addition,  Army  development  efforts  are  directed  at 
helicopter  noise  reduction  and  quiet  propulsion  for  light  aircraft. 
These  programs  are  considering  both  engine  and  aerodynamic  noise. 
Helicopter  investigations  include  the  study  of  rotor  noise  generation 
and  propagation,  and  experiraentation  with  alternative  techniques  for 
noise  elimination  and  suppression. 
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•  Acoustic  efforts  within  the  Navy  include  quiet  propul¬ 
sion  development  for  V/STOL  aircraft.  The  Navy  is  also  conducting 
RliD  programs  related  to  the  noise  environment  of  an  aircraft  carrier. 

•  The  Air  Force  is  conducting  research  for  determining 
basic  noise  generation  mechanisms,  developing  noise  suppression  tech¬ 
niques  and  quiet  engine  technology,  and  investigating  sonic  boom 
propagation.  In  addition,  the  Air  Force  is  conducting  basic  research 
and  developing  equipment  to  aid  in  evaluating  the  effects  of  noise. 
Related  efforts  are  directed  to  the  effects  of  noise  on  surroundings, 
the  development  of  more  refined  noise  impact  criteria,  the  psycho¬ 
acoustic  impact  of  noise,  and  land  use  planning  techniques.  Finally, 
a  planned  Air  Force  development  program  for  the  Advanced  Medium  STOL 
Transport  engine  will  be  directed  to  meet  Federal  Aviation  Regulation 
(FAR)  36  noise  standards. 

•  The  modification  of  the  aircraft  flight  path  to  reduce 
the  noise  level  in  ther  terminal  vicinity  is  another  method  of  reduc¬ 
ing  the  aircraft  noise  impact  on  noise-sensitive  areas.  All  three 
of  the  military  services  are  participants  in  the  National  Microwave 
Landing  System  (MLS)  Program.  This  system  will  aid  in  noise  abate¬ 
ment  and  congestion  reduction  by  allowing  new  flight  profiles,  greater 
traffic  density,  and  more  efficient  operational  procedures. 

In  VoV  in  noi^e  ab<Ume.nt  oAz  zxXzruivz  and  loAgoZy 

havz  been  d<^ected  to  tke  Aotaticn  opeAaticyjxlty  o/Uented  p^obiem. 
CuAAcnX  p/Log^iami,  homveA,  Aeilect  an  incAea^ing  attention  to  public 
conce/tn  cvca  not&e  and  tke  enoiAonment. 

MILITARY  RESEARCH  AND  TECHNOLOGY  RELEVANT  TO  AIR  POLLUTION 

hiuthcA  enviAomentai  problem  AequiAing  attention  i6  oaa  poUta- 
tion.  EanZy  miJUtaAy  inteAe&t  in  Aeducing  engine  exfiau&t  emi66ion6 
dUiectoA  to  the  etuninatton  of^  contAcM^  and  6moke  in  oAdeA  to 
Aeduce  tke  pAobability  CjS  visual  detection  o^  combat  oiACAaft,  CuA~ 
Aent  inve^t^gat<on6  oAe  conceAned  ivitk  developing  6olution6  that  mil 
AQjduce  both  vt&ible  and  invisible  pcllutatvt  emt(>6ions>, 

•  The  Climatic  Impact  Assessment  Program  (CIAP)  was  under¬ 
taken  by  several  Government  agencies  under  DoT  leadership.  This  pro¬ 
gram  will  conduct  a  complete  assessment  of  the  impact  of  supersonic, 
high  altitude  aircraft  operations  on  the  atmosphere.  Engine  testing 
and  the  modeling  of  atmospheric  physics  will  be  the  primary  contribu¬ 
tions  of  the  Navy  and  Air  Force. 

•  The  Air  Force  also  has  a  program  with  the  Atomic  Energy 
Commission  to  identify  and  document  by  high  altitude  photography  the 
locations,  dimensions,  and  diffusion  of  atmospheric  pollutants.  Other 
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Air  Force  work  irxludes  the  development  of  short  length/high  heat 
release  combustors,  an  investigation  of  the  feasibility  of  using  cat¬ 
alytic  combustors,  and  a  program  to  employ  laser  spectroscopy  in 
developing  an  instrumentation  system  which  will  identify  specific 
pollutants  under  dynamic  conditions  on  a  real-time  basis,  and  be 
packaged  in  a  mobile  unit. 

•  The  Navy  has  a  study  of  several  systems  to  control  emis¬ 
sions  from  jet  engine  test  cells,  and  has  a  prototype  system  under 
construction.  This  system  is  expected  to  remove  99  percent  of  the 
particulate  matter  from  engine  test  cell  emissions.  Navy  interest  in 
smokeless  operation  led  to  development  of  smokeless  combustor  cans 
which  have  greatly  reduced  visible  emissions  from  jet  engines.  These 
cans  are  now  being  installed  by  civil  transport  airlines.  By  fiscal 
year  1976,  all  Naval  combat  aircraft  are  expected  to  be  equipped  with 
smokeless  combustors. 

•  The  efforts  of  the  Army  are  directed  to  the  unique  prob¬ 
lem  of  small  gas  turbine  combustors.  The  objective  is  to  determine 
the  best  design  approach  for  small  gas  turbine  combustors  with  low 
mass  emissions. 


VoV  and  iancUng  KoZzvant  to  oUte-vtatLon  the.  cuA 

petbjution  pro  him  ake  compoHjibie.  to  tfic^e  o(.  othoA  Go\.’(iAment  aqen- 
c-ce^  involved.  UoKe  ^ignUicjantiy,  an  u\xoaAd  tAtnd  in  both  i^  pe/t- 
ccAvcd,  in  gAciiing  /leccgnition  o^  the  enviAonmentai  problem, 

MILITARY  RESEARCH  AND  TECHNOLOGY  RELEVANT  TO  CONGESTION 

Congestion,  as  it  applizs>  to  aviation,  is  a  veAy  complex  prob¬ 
lem  that  KeqaOies  coordinated  e^orts  directed  at  both  airways  and 
airports.  Although  the  mititary  does  not  conduct  RSV  programs  specii- 
ically  aimed  at  congestion,  many  the  issues  related  to  airimy  oper- 
aXiens  and  comerciM  high  density  short- haxil  systems  vull  benefit 
directly  inom  military  reseoAch  and  development  programs  in  flight 
control,  navigation,  and  landing  systems. 

Airways  Congestion 


The  crux  of  all  airway  operations  is  the  Air  Traffic  Control 
(ATC)  System  that  contains  surveillance,  communications,  navigation, 
and  weather  service  functions.  Although  military  programs  are  direc¬ 
ted  to  tactical  situations,  such  as  forward  areas  and  aircraft  car¬ 
riers,  there  should  be  spin-off  benefits  to  civil  aviation  in  both 
the  hardware  and  operational  data  areas. 

•  The  National  Microwave  Landing  System  development  involves 
all  three  of  the  military  services,  and  the  final  system  selected  for 
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usfc  is  planned  to  be  compatible  with  both  civil  and  military  opera¬ 
tions.  The  effort  will  not  only  help  to  alleviate  congestion  of  air¬ 
ways  and  terminal  areas,  but  it  will  also  permit  optimum  curved  or 
steep  landing  approaches,  thus  minimizing  noise  exposure  of  the  popu¬ 
lation  adjacent  to  airports. 

•  Present  Army  research  and  technology  programs  relating  to 
airway  development  include  a  landing  guidance  system  specifically 
designed  for  helicopter  operations.  This  system  utilizes  a  scanning 
beam  of  broad  coverage  which  provides  for  multiple  approach  paths. 
Improved  distance  measuring  equipment  also  is  being  developed,  and 
the  Array  Automated  Air  Traffic  Management  System  Program  is  composed 
of  tasks  on  enroute,  approach,  and  departure  control,  and  airborne 
subsystems.  Current  priority  is  being  given  to  the  air-ground  digi¬ 
tal  data  link  and  tactical  landing  tasks. 

•  A  development  program  is  underway  to  provide  an  in-flight 
monitor  for  the  Navy  automatic  carrier  landing  system,  which  employs 

a  microwave  scanning  beam  technique.  In  association  with  the  develop¬ 
ments  in  the  Air  Traffic  Control  Radar  Beacon  System,  the  Navy  also 
is  developing  a  Traffic  Management  System  Control  and  lightweight 
three-dimensional  ground  controlled  intercept  radar  giving  digital 
data  concerning  aircraft  at  long  range  and  high  altitude. 

•  Current  Air  Force  development  efforts  for  improving  the 
Traffic  Control  Approach  and  Landing  System  include  improved  methods 
for  tower  display  of  altitude  and  identity  information.  The  Air  Force 
also  has  extensive  research  and  technology  efforts  associated  with  air 
traffic  control  centers.  Man/machine  interface  programs  will  develop 
more  efficient  displays  and  data  handling  systems,  and  determine  psy¬ 
chological  and  physiological  tolerance  limits  for  the  air  traffic  con¬ 
troller. 

•  Navigation  and  guidance  systems  receive  continuing  research 
and  development  attention  by  the  DoD.  The  Air  Force  is  developing  an 
automatic  terminal  area  navigation  control  concept  that  includes  four¬ 
dimensional  coordinates  for  both  transports  and  helicopters,  and  an 
Army  program  provides  for  the  development  of  a  common  positioning  and 
navigation  system  employing  LORAN  position  locators  and  airborne  re¬ 
ceivers. 

•  New  air  traffic  control  concepts  and  operating  procedures 
require  much  improved  communication  links.  The  Air  Force  Position 
Locating,  Reporting,  and  Control  of  Tactical  Aircraft  System  is  based 
on  a  highly  connective,  high  capacity,  and  jam-resistant  digital  com¬ 
munications  svstem.  In  addition,  the  Army  is  currently  developing  the 
TRI-TAC  System  which  is  a  digital  transmission  and  switching  system. 
The  digital  approach  provides  for  an  integrated  and  totally  interfaced 
system  of  the  type  required  for  future  communications. 
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•  Current  and  planned  military  cormunications  satellite 
programs  include  the  Defense  Satellite  Communication  System,  Tactical 
Satellite  Communication  System,  and  the  new  Fleet  Satellite  Communi¬ 
cation  System,  which  will  eventually  replace  the  tactical  system. 

The  current  operational  military  navigation  satellite  program  is  the 
Navy  TRANSIT  System.  Under  the  Communication,  Navigation,  Identifi¬ 
cation  (CNI)  Program,  the  Air  Force  is  accomplishing  concept  formula¬ 
tion  studies  and  advanced  development  efforts  for  an  integrated  satel 
lite  system  serving  communication,  navigation,  and  cooperative  iden¬ 
tification  functions. 

•  Several  alternate  approaches  for  providing  collision  warn 
ing  and  avoidance  capabilities  to  future  aircraft  also  are  under  de¬ 
velopment  and  evaluation.  A  Joint  DoT-DoD  Program  recently  has  been 
established  to  evaluate  all  competing  techniques  as  a  basis  for  selec 
ting  a  national  standard  for  a  collision  avoidance  system.  Both 
ground-based  and  cooperative  airborne  techniques  are  being  considered 
Full  collision  avoidance  systems,  which  compute  and  display  evasion 
instructions,  and  simpler  proximity  warning  devices  are  included. 

•  Warm  fog  comprises  95  percent  of  all  types  of  fog  that 
occurs  in  the  United  States.  This  type  of  fog  has  such  an  adverse 
effect  on  military  operations  that  techniques  to  dissipate  warm  fog 
are  being  investigated  by  DoD.  Warm  fog  also  causes  an  estimated 
economic  loss  of  $75  million  annually  to  civil  aviation;  therefore, 
DoD  development  of  warm  fog  dissipation  techniques  will  have  direct 
economic  benefits  to  civil  aviation.  In  addition,  DoD’s  future  plans 
include  programs  to:  improve  the  accuracy  of  terminal  area  short 
range  weather  forecasts;  develop  improved  weather  data  dissemination 
systems;  decrease  the  intensity  of  hurricanes  by  seeding;  and  pro¬ 
vide  automated  pilot  weather  briefings.  All  of  these  programs  will 
have  spin-off  economic  benefits  to  the  scheduled  airlines. 

•  Clear  air  turbulence  (CAT)  causes  passenger  discomfort 
and  occasional  serious  injury  or  death.  In  severe  instances  of  CAT, 
structural  damage  to  the  aircraft  may  occur.  Therefore,  the  need  to 
detect  and  avoid  CAT  is  important.  The  Air  Force  program  of  experi¬ 
mental  investigation  is  to  develop  improved  techniques  for  the  fore¬ 
cast  CAT-prone  areas  and  to  establish  meteorological  bases  for  the 
development  of  airborne  devices  to  detect  CAT  ahead  of  the  aircraft. 

A  concentrated  field  observation  program  of  an  exploratory  nature 
will  be  carried  out  with  measurements  from  radar,  aircraft,  and 
meteorological  sensors. 

Tkiu,  the,  VoV  contAyibutiem  to  the,  p/iobieri  congestion  on  the, 
nation* 4>  otAioay^  could  be  veAy  significant.  The  VoV  ^esejOAch  and 
technology  base  is  extensive,  and  the  AeZevancy  of  VoV  pAcgAonis  to 
the  civilian  RSV  needs  is  high,  HajoA  spin-eff  benefits  should 
AesulX, 


Airport  Congestion 


•  Military  research  and  technology  programs  that  contribute 
to  civil  aviation  include  several  efforts  related  to  airfield  opera¬ 
tions.  For  example,  runway  operations  are  a  critical  problem  for 
both  military  bases  and  commercial  airports.  Military  development 
programs  for  pavement  design  and  test,  and  runway  clearance,  are 
directly  applicable  to  airport  operations.  The  Air  Force  is  cur¬ 
rently  involved  in  a  joint  runway  research  program.  Combat  Traction, 
which  is  investigating  slipperiness  criteria  for  runways,  and  develop¬ 
ing  simulation  techniques  for  determining  the  stopping  characteristics 
of  an  aircraft.  In  addition,  the  Air  Force  is  responsible  for  gener¬ 
ating  runway  smoothness  standards.  This  includes  development  efforts 
for  improving  survey  and  instrumentation  methods  to  determine  runway 
smoothness  as  a  function  of  time,  traffic  load,  and  weather.  Also 
involved  are  studies  of  runway  configurations. 

•  Development  efforts  in  base  support  and  life  support  also 
are  being  conducted  by  the  military.  Base  support  items  such  as  air¬ 
craft  hangars,  electrical  ^ene.ation  equipment,  runway  sweepers,  heavy 
equipment,  fire  fighting  equipment,  and  fuel  handling  techniques  are 
all  applicable  to  both  military  and  civil  operations.  Life  support 
items  such  as  protective  clothing  and  acoustical  head  gear  are  under 
continuing  development  by  the  military,  and  problems  related  to  air¬ 
craft  servicing  and  accident  handling  are  common  to  both  military  and 
civil  aviation 

ini.ITARY  RESEARCH  AND  TECHNOLOGY  RELEVANT  TO  SHORT-HAUL  TRANSPORTATION 

T/te  ^hont-kaul  moAkex  cciuZ  av^intlon  h<u  not  been  ^uJUy 
exploited  <n  the  pcu,t  a  vcvUtty  o(^  ^eci6on(,.  One  ci  the  majoK 
one6  liai  eentoAed  on  the  absence  a  ^uUtable  cun  vehicle  -  economy 
OfS  openat^on,  4>aiety,  pubtic  acceptance,  A'cmptictty  -  fo^  the  job. 

In  at  ieait  the  fUgh  den&tty  Ahcnt-imd  6y6tem,  pnogKe^6  in  the 
development  o^  c>hont  takeofi  and  landing  (STOL)  and  venticjol  takeoif 
and  landing  (VTCL)  cUnena^t  4oon  should  oi^en  po66ible  applications 
f,on  the  ain  velwcJle  pant  o^  the  systm,  Militany  neseanch  and  tech¬ 
nology  p^ognams  on  both  STOL  and  i/TOL  ain  vehicles  one  included  in  the 
discussion  that  iclloios. 

Prototype  Developments 

•  The  Army  has  several  current  and  planned  prototype 
development  programs  related  to  V/STOL  aircraft.  One  is  for  an 
attack  helicopter.  Although  it  will  have  no  direct  transport 
capability,  its  development  technology  should  be  applicable  to 
future  vehicles.  Second  is  the  prototype  development  of  a  Util¬ 
ity  Tactical  Transport  Aircraft  System  (UTTAS)  helicopter.  The  UTTAS 
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will  have  a  basic  weight  of  approximately  9,500  pounds  and  be  capable 
of  carrying  a  squad  (11)  of  combat  troops  and  their  mission-essential 
equipment  (2^0  pounds  each).  The  transport  will  utilize  modular  com¬ 
ponents,  diagnostic  fault  equipment,  and  simplified  maintenance  proce¬ 
dures.  Third,  the  Army's  proposed  Heavy  Lift  Helicopter  (HLHl  is 
planned  to  be  useable  by  all  three  services.  This  helicopter  will 
ha>e  a  gross  weight  of  approximately  115,000  pounds  and  a  payload  cap¬ 
ability  in  excess  of  20  tons. 


•  The  Navy  now  has  reviewed  proposals  for  a  V/STOL  Strike 
aircraft  and  a  longer  endurance  sensor  platform  V/STOL  aircraft  in 
the  20,000  to  40,000  pound  class  for  the  Sea  Control  Ship.  For  a 
ship-tc-shore  transport,  consideration  is  being  given  for  a  major 
modification  of  an  existing  helicopter  in  the  40,000  to  50,000  pound 
category.  In  addition,  the  Navy  is  investigating  tilt  wing,  tilt 
rotor,  and  lift  cruise  engine  concepts  for  V/STOL  propulsion  systems. 

#  The  Air  Force  has  evaluated  proposals  for  the  advanced 
prototype  development  of  an  Advanced  Medium  STOL  Transport.  This 
jet  STOL  aircraft  would  carry  a  15  ton  payload,  have  a  mission 
radius  of  about  500  nautical  miles,  and  operate  in  and  out  of  un¬ 
improved  2,000  foot  airstrips.  The  objectives  of  the  proposed 
project  are  to:  (1)  design,  fabricate,  and  evaluate  a  prototype 
aircraft  which  will  demonstrate  in  hardware,  new  technology,  which 
after  additional  engineering  development  will  provide  a  medium  sized 
(C-130  class)  jet  STOL  transport;  (2)  provide  a  low  cost  development 
option  for  modernization  of  the  tactical  airlift  force;  (3)  obtain 
visibility  on  costs  associated  with  short  field  performance;  and  (4) 
define  STOL  operational  rules,  safety  rules,  and  related  design 
criteria. 


Engines 

•  The  UTTAS  prototype  developments  will  utilize  the  GE-12 
engine  which  has  a  1,500  shaft  horsepower  output,  and  has  an  increased 
power-to-weight  ratio  over  previous  engines.  Other  advantages  include 
higher  operating  temperatures  for  higher  thermal  efficiencies  and 
lower  specific  fuel  consumption,  and  the  use  of  high-pressure  ratio 
sections  in  front  of  the  engine  to  help  increase  power  and  reduce 
fuel  consumption, 

•  A  4,000  pound  class  Garrett  three- spool  turbofan  engine 
is  under  development  by  the  Air  Force.  This  engine  is  expected  to 
have  an  inherently  lower  noise  level  than  contemporary  engines  of  the 
same  thrust  level. 

•  An  engine  development  program  for  a  new  propulsion  system 
suitable  for  an  Advanced  Medium  STOL  Transport  aircraft  system  also 


is  being  considered.  The  engine  is  in  the  20,000  pound  thrust  class 
and  will  provide  significant  improvements  in  performance,  thrust/ 
weight  ratios,  pollution  and  noise  control,  simplicity,  and  maintain¬ 
ability.  These  improvements  would  allow  an  AMSf  to  have  significantly 
improved  operating  economics  and  be  capable  of  FAA  certification. 

•  Another  engine  related  development  applicable  to  STOL 
vehicles  is  a  Teledyne  gas  generator  that  features  an  axial  compres¬ 
sor  followed  by  centrifugal  compressor,  vaporized  combustor,  and  two- 
staged  turbine.  This  gas  generator  technology  is  being  developed  for 
use  in  engines  for  light  to  medium  gross  weight  logistics  aircraft 
and  lightweight  fighters. 

•  In  addition  to  the  protot>T)e  development  programs,  the 
Army  and  Navy  are  conducting  several  technology  development  programs 
applicable  to  engines  for  helicopter  and  V/STOL  operations. 

The  Army  Small  Turbine  Advanced  Gas  Generator  (STAGG) 
Program  will  develop  gas  generators  for  a  series  of  small 
engines  in  the  1  to  2  and  3  to  5  pounds/second  air  flow 
class.  These  gas  generators  are  to  be  the  **cores"  for 
what  eventually  will  be  turboshaft  engines  for  ground 
vehicles  or  small  rotary  or  fixed  wing  aircraft.  The 
approach  the  Army  is  using  is  similar  to  that  of  the  Air 
Force  in  the  Advanced  Turbine  Engine  Gas  Generator 
(ATEGG)  Program,  which  results  in  a  technology  ’’stable** 
upon  which  engines  can  later  be  built  for  specific  appli¬ 
cations. 

The  Navy  advanced  V/STOL  propulsion  project  will  develop 
those  areas  of  propulsion  technology  that  are  applicable 
to  V/STCL  systems  and  will  lead  to  development  of  demon¬ 
strator  systems.  The  Navy  also  is  conducting  high 
temperature  technology  under  this  project. 

Equipment 

•  A  major  current  effort  in  vehicle  equipment  is  the  air 
cushion  landing  concept  of  the  Air  Force.  This  revolutionary  landing 
gear  would  replace  conventional  wheels,  tires  and  brakes  with  a  cush¬ 
ion  of  air  which  is  maintained  beneath  the  fuselage.  A  system  is 
being  prototy-ped  on  a  deHaviland  ’’Buffalo”  in  a  joint  effort  with  the 
Canadian  government. 

•  The  Army  has  started  a  program  to  design,  develop,  con¬ 
struct,  and  fatigue  test  critical  components  for  an  advanced  technol¬ 
ogy  V/STOL  propeller  system.  The  goal  of  the  program  is  to  reduce 
the  weight  of  an  advanced  propeller  system  by  one  half  from  present 
standards,  mainly  with  advanced  materials  such  as  composites  and 
design/packaging  techniques. 


MILITARY  RESEARCH  AND  TECHNOLOGY  RELEVANT  TO  LONG-HAUL  TRANSPORTATION 


S^nce.  the  long-liauZ  mcviket  the.  economic  backbone 

doit  t/iandpod  aviation,  continuing  technotogicat  advance  in  this 
^ietd  i6  eipeciatZy  impcdant.  Although  the  iottoicing  cLuca&don 
includes  a  numbeA  of  ^etevant  mitiXa/iy  **technotogy^  e^iod6,  it  is 
impcdant  to  note  that,  in  contrast  to  previous  times,  ttieAe  aJie  no 
ciji/iAentty  planned  and  funded  **devet.opment**  p^cg^rams  fo^  neno  tong 
fiardge  uilitaKy  tnanspoKt  oiAOiaft, 

•  Supercritical  aerodynamics  apply  particularly  to  long- 
haul  aircraft  and  promise  improved  transonic  flight  by  materially 
increasing  drag  rise  Mach  number.  Joint  NASA-DoO  flight  test  pro¬ 
grams  will  provide  full-scale  verification  and  orrelation  of  the 
many  wind  tunnel  tests  and  analysis  performed  by  NASA.  Two  Navy  air¬ 
planes,  a  T-2  and  F-8,  are  presently  used,  and  the  Air  Force  F-111 

is  planned  to  be  used,  to  determine  the  effects  of  wing  thickness, 
aspect  ratio,  and  wing  sweep  at  varying  airspeeds. 

•  The  Air  Force  Control  Configured  Vehicle  (CCV)  Advanced 
Development  Program  will  develop  and  validate  automatic  flight  con¬ 
trol  technology  for  a  large  aircraft.  The  specific  control  functions 
to  be  developed  include  augmented  stability  for  an  aerodynamical ly 
unstable  aircraft,  flutter  control,  ride  control,  and  maneuver  load 
control.  The  interactions  and  compatibility  of  these  control  func¬ 
tions  will  be  investigated.  The  ride  control  development  will  pro¬ 
vide  the  first  flight  experience  with  a  ride  system  using  dedicated 
miniature  control  surfaces  and  will  provide  the  technology  base  nec¬ 
essary  to  integrate  such  capability  into  other  systems  performing 
other  structural  response  control  functions.  Maneuver  load  control 
is  the  use  of  control  surfaces  to  provide  direct  lift  (positive  or 
negative)  during  maneuver  on  various  parts  of  the  wing  to  minimize 
bending  moments  created  by  the  maneuver.  This  system  will  begin 
flight  testing  in  1973.  Presently,  a  survivable  flight  control  sys¬ 
tem  emphasizing  redundant  fly-by-wire  techniques  is  in  test  and  evalua 
tion. 

•  The  technology  incorporated  in  the  B-1  advanced  strategic 
bomber  will  have  civil  aviation  applications,  primarily  in  the  engine 
and  airframe  areas.  Engine  developments  of  interest  are  the  use  of 
new  materials  for  compressor  blades,  a  single  stage  high  pressure 
turbine,  and  improved  turbine  cooling  technology.  Airframe  improve¬ 
ments  will  provide  further  knowledge  of  variable  sweep,  blended  wing/ 
body  configuration  concepts  in  a  large  aircraft.  Structural  mode  con¬ 
trol  will  be  used  to  improve  ride  quality.  Structural  technology  will 
demonstrate  the  reliability  of  various  nondestructive  testing  tech¬ 
niques.  Important  data  on  producing  and  working  titanium  and  highly 
fracture-resistant  materials  will  be  obtained  and  made  available. 


•  In  addition,  the  Air  Force  currently  has  three  engine 
development  programs  applicable  to  the  transonic/ supersonic  flight 
regime.  These  development  efforts  are  part  of  the  Air  Force  ATEGG 
Program  previously  mentioned.  The  Detroit  Diesel  Allison  Divi¬ 
sion  is  presently  running  the  GMA-100  gas  generator.  This  is  a  high 
efficiency,  high  pressure,  variable  geometry  compressor,  with  short 
combustor  and  two-staged  turbines.  The  General  Electric  Company  is 
testing  the  GE14/J1B1.  The  components  include  a  highly  loaded  medium 
pres sure- ratio  compressor,  a  carbureting  combustor,  and  a  single  stage, 
very  high  temperature  air-cooled  turbine.  The  Pratt  and  Whitney  Air¬ 
craft  PWA  535  also  is  currently  undergoing  cyclic  tests.  This  gas 
generator  incorporates  an  advanced  transonic  compressor,  and  high 
temperature  single  stage  turbine. 

•  Important  to  present  and  future  transports  is  the  use  of 
military  ground  and  flight  testing  facilities.  Large  engine  test 
facilities  are  available  at  the  Air  Force  Arnold  Engineering  Develop¬ 
ment  Center  (AEDC)  and  the  Naval  Air  Propulsion  Test  Center.  The 
recently  suspended  SST  Program  was  utilizing  AEDC  engine  test  facil¬ 
ities.  There  also  are  many  flight  test  centers  available  within  DoD. 
Edwards  Air  Force  Base,  California,  has  long  been  a  major  flight  test 
center.  Flight  testing  for  the  DC-10  and  L-1011  is  continuing  to  be 
conducted  there.  In  addition,  the  SST  Program  had  planned  to  utilize 
this  large  facility  for  supersonic  flight  testing. 

•  The  hypersonic  regime  is  not  really  a  new  area  of  work. 
Possible  programs  include  an  Experimental  Cruise  Aircraft  which  would 
permit  the  development  and  validation  of  hypersonic  flight  technology. 
The  program  would  include  the  propulsion  system,  propuls ion/ air frame 
integration,  materials  and  structures  to  operate  at  high  temperatures, 
control  and  handling  criteria  at  speeds  greater  than  Mach  3,  and  aero¬ 
dynamic  heating.  Preliminary  conceptual  design  studies  already  have 
defined  the  general  aerodynamic  configurations  of  vehicles  for  hyper¬ 
sonic  flight.  In  addition  to  the  above  "planned”  program,  the  cur¬ 
rent  Air  Force -NASA  X-24B  Program  will  demonstrate  subsonic,  transonic, 
and  supersonic  characteristics  of  a  future  hypersonic  configuration. 

The  Navy  Maneuvering  Hypersonic  Vehicle  Configuration  design  study  of 
lifting  reentry  also  is  contributing  through  the  investigation  of  high 
heat  load  structures  and  attendant  thermal  protection  system  designs. 

MILITARY  RESEARCH  AND  TECHNOLOGY  RELEVANT  TO  AIR  CARGO 

l\WutaKy  and  (uvU,  cmaqo  handting  techrUquc6  lUuaiZy  oAd  not 
ccmpatibld  dad  to  thd  diif^dAdnt  natuAd  o^  thd  mtsAtons,  dqutpvdnt, 
and  ^a(Utttld6,  Hci>:dveA,  Aome  miJUtoJiy  coAgo  handling  expedience 
AdtjouUng  to  aJUdUit  opdnatLon&  i6  tAan^idAabld  to  civif  aotatlon, 

•  The  Advanced  Medium  STOL  prototype  effort  will  add  to  the 
cargo  handling  data  bank,  and  the  Heavy  Lift  Helicopter  Program  will 
provide  improved  cargo  handling  techniques  unique  to  transport  heli¬ 
copter  operations. 
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•  In  addition,  the  Army  continues  to  lead  in  the  develop¬ 
ment  of  containerization.  The  major  discrete  logistics  load  for  the 
military  currently  is  the  standard  shipping  container  which  has  dimen¬ 
sions  of  8  feet  X  8  feet  x  20  feet,  and  a  maximum  carrying  capacity 
of  22.4  tons.  The  container  will  have  applications  to  logistics 
operations  in  a  multi-modal  transportation  system  concept. 

MILITARY  RESEARCH  AND  TECHNOLOGY  RELEVANT  TO  THE  TECHNOLOGY  BASE 

The  btoad  aeAcmivUcaZ  technology  ba&e  avculable  today  to  a 
loAge  mea^uAe  tA  a  KOJ^oJit  oi  mititoKy  n.c&eaAch  and  development. 

Mtiiough  the  nUlitoAy  emphasizes  p/iog^uuns  ^.elating  to  supenlo^ 
ae/ionautlcat  systems  tiie  national  defense,  the  t/iansfeA  of  mtU- 
toAy  technology  to  civil  aviation  has  been  a  majox  contAlbutlon  to 
civil  aviation  p^ogAess.  In  exploiting  specific  AeseoAch  advances 
loiiich  pAomlse  unique  oA  AevolutlonoAy  defense  capabilities  ten  to 
tiventy  yeoAS  hence,  the  mtUtaAy  must  build  upon  a  bAoad  state-of- 
the-oAt  base  that  encompasses  technologies  not  only  In  the  basic 
alA  vehicle  and  Its  subsystems,  but  In  the  oAeas  of  human  factoAS 
and  meteo AO  logical  seAvlces  as  (cell. 

Propulsion  and  Power 

Mmost  evQjiy  mlUtoAy  pAo pulsion  AeseoAch  and  technology  pAo- 
gAorn  contAlbutes  to  the  technology  base  foA  civil  aviation.  The  re¬ 
quirements  for  lower  specific  fuel  consumption  (SFC),  increased  thrust- 
to-weight  (T/W)  ratios,  and  lighter  engines  are  not  unique  to  civil 
aviation.  The  military  states  these  requix'ements  in  terms  of  mission 
parameters  such  as  long  range,  increased  maneuverability,  and  high 
acceleration  rates. 

•  In  the  development  of  advanced  propulsion  systems,  a  new 
approach  has  been  defined  to  assure  the  exploitation  and  transition 
of  advanced  propulsion  technology  at  a  reduced  level  of  risk,  and 

at  a  minimum  cost.  This  ’’building-block”  approach  is  based  upon 
developing  advanced  gas  generator  components  (compressors,  combustors, 
and  turbines)  and  system  responsive  components  (inlets,  fans,  controls, 
exhaust  nozzles,  and  augmentors)  which  have  a  high  degree  of  flexibility. 
These  are  combined  in  an  advanced  technology  demonstrator  engine  to 
establish  the  propulsion  performance,  and  structural  characteristics 
required  for  a  class  of  military  systems.  More  simply  stated,  the 
trend  is  from  a  "stable”  of  engines  to  a  "stable”  of  technology.  This 
approach  has  been  adopted  by  the  DoD  and  incorporated  in  the  Air  Force 
Advanced  Turbine  Engine  Gas  Generator  Program  (ATEGG) ,  the  Army  Small 
Turbine  Advanced  Gas  Generator  (STAGG),  and  the  Navy  Propulsion 
Component  Technology  Program  (PCT).  There  are  currently  fifteen 
"demonstrator”  engine  projects  being  conducted. 
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•  Related  to  the  technology  of  propulsion  is  that  of  aircraft 
fire  protection.  Both  the  DoD  and  DoT/FAA  have  been  investigating 
*'safe"  fuels  for  several  years  in  efforts  to  obtain  a  less-flammable 
or  non-flanunable  fuel.  If  these  efforts  should  prove  successful, 
the  payoff,  in  both  military  and  commercial  terms,  will  be  very 
significant. 


Meteorolos 


The  VoV  mil  continue,  06  in  the  pa6t,  to  be  the  6ote  agency 
tint  p^ovide6  aQAial  wmtiioA  ^econnai66ance.  The  data  gatfieAed  uiUt 
f^iovixie  invaluable  atmo6pheAic  tceathoA  ob6e/Lvation6  on  an  inteAnational 
basis  (oA  weatheA  analysis  puAposes.  This  data  mtZ  be  especi/ilJly 
valuable  in  locating  and  measu/Ung  the  intensity  of  loKge  stoms. 


•  The  Army  is  developing  an  Automatic  Meteorological  System 
(AMS)  to  organize  available  observations  within  a  given  geographical 
area  and  to  process,  summarize,  and  transmit  data  in  near  real-time. 
This  will  aid  greatly  in  short  range  (0-3  hr)  local  weather  forecasts. 


•  Continuing  Navy  and  Air  Force  support  to  the  National 
Weather  Service  on  hurricane  research  is  designed  to  explore  the 
structure  and  dynamics  of  hurricanes,  improve  prediction  methods,  and 
examine  the  possibility  of  modifying  storm  intensity. 


#  In  addition,  the  Air  Force  is  developing  techniques  and 
equipment  to  brief  aircrews  from  a  remote  centralized  weather 
facility.  A  combination  of  computerized  weather  forecasting,  television 
and  telephone  voice  links  is  being  used  for  this  briefing  system.  The 
Air  Force  plans  to  initiate  centralized  briefing  service  late  in  1973 

to  ten  military  air  bases.  This  technique  will  have  direct  application 
to  civil  aviation,  especially  in  low-density  areas. 

Avionics 

In  avijonic^s,  the  existing  technology  base  is  being  iuHtheA 
expanded  by  VoV  e^oAts  in  comunications ,  navigation,  contAol,  data 
handling,  and  computeA  technologies » 

•  For  example,  the  evolution  of  high  capacity,  automatic 
communications  and  data  systems,  both  voice  and  digital,  will  ease 
the  ever-growing  communications  traffic  problems  common  to  both 
military  and  civil  aviation.  This  technology  base  has  future  appli¬ 
cation  to  such  proposed  programs  as  the  Oceanic  Aeronautical  Satellite 
(AEROSAT)  Program  for  air  traffic  control  and  communications  over 
broad  ocean  areas. 
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•  The  many  DoD  efforts  involving  large  scale  integrated 
circuit  devices  and  component  developments  to  meet  military  require¬ 
ments  have  direct  application  to  a  broad  spectrum  of  civil  aviation 
use,  including  computers,  and  monitoring  and  test  equipment.  Other 
DoD  efforts  directed  at  the  miniaturization  and  ruggedization  of 
components  have  the  objective  of  more  compact,  lighter  weight  avionics 
equipment  with  greater  reliability  and  reduced  maintenance  require¬ 
ments. 

Materials 

CuA/LCnt  and  planned  VoV  p^og^tam  in  matoAioJUi  oJio,  dUUi^xitzd 
pnincipcMy  to  tkz  geneAal  oAea^  oi  p^opul&ion  and  /^t/iacXuAQ^ , 

Spzcifiic  application  p/Log/um  may  be  aimed  at  acAtain  ilight  AegimeA 
oA  tempeAcUuAe  limits  and  at  a  poAticuloA  (iia&6  oi  vehicle,  but  the 
loAgett  contribution  ujfiich  military  RBV  makes  to  civil  aviation  in 
the  materiats  area  is  the  generation  o^  extensive  design  and  engi’- 
neering  data  bases. 

•  Programs  for  the  improvement  of  propulsion  system 
materials  have  general  objectives  to  provide  suitable  properties  at 
increased  temperatures  and  thus  permit  higher  turbine  inlet  temperatures* 
Achievement  of  these  goals  will  result  in  lighter  weight  engines  or 
greater  thrust-to-weight  ratios. 

•  In  structures,  military  efforts  will  produce  metals  with 
improved  structural  efficiency,  creep  resistance,  stress/corrosion 
resistance,  and  higher  operating  temperatures.  Manufacturing 
methods  for  making  advanced  composites  at  lower  costs  as  well  as 
advancing  the  use  of  composites  through  prototype  structures  and 
service  testing  will  be  continued.  Improved  techniques  for  non¬ 
destructive  inspection  of  metals  and  composites  will  be  applied. 

Improved  joining  methods  (adhesive  bonding,  diffusion  bonding, 
brazing,  and  glue  welding)  will  be  developed  and  improved  to  approach 
100  percent  joint  efficiency.  The  above  materials  efforts  are  aimed 
at  producing  lighter  weight,  fail  safe  structures. 

•  Other  materials  research  and  technology  programs  relate 
to  improved  performance  and  long  life  in  high  temperature  insulation 
materials,  seals,  and  sealants  (fuel  and  pressure),  hydraulic  fluids, 
canopies,  and  windshields.  In  addition,  a  new  fracture  mechanics 
design  ant  analysis  handbook  will  be  completed  by  the  Air  Force  in 
the  near  future. 

Human  Factors/Aviation  Medicine 

The  military  also  has  extensive  research  and  technology 
programs  in  human  {actors  and  aviation  medicine.  Major  problem  areas 


cjuJUiQjntty  wfMivi  InvutJjQOLtAjOYi  Indbxdt  dAug  e^^exi^  on  caqw  pc/t- 
ioAjnancz,  turn  e^^ecCA  iKom  long  Aange  itight6,  ftigkt 

dl&oAiejfUation  iAom  imvi  zjvi  htimdoXlon^  and  ^tanda/uU  ioA  itight 
physical  exanumtionA, 

•  Current  projects  in  the  field  of  flight  training  simu¬ 
lators  are  centered  around  the  development  of  improvements  in  visual 
simulation  of  what  the  pilot  sees  through  his  windshield.  Other 
aspects  of  flight  training  simulation  that  receive  attention  are 
motion  simulation  and  the  measurement  of  pilot  proficiency  in  a 
simulator  as  a  means  of  predicting  his  proficiency  in  actual  flight. 
In  addition,  extensive  man/machine  interface  programs  are  being 
conducted  for  air  and  ground  systems.  Some  of  the  possible  advance¬ 
ments  from  these  programs  are  fast  decision  display  techniques  for 
airborne  collision  avoidance  systems,  reductions  in  aircraft 
accidents  caused  by  human  error,  and  more  efficient  displays  and 
data  handling  methods  in  air  traffic  control  centers. 

•  Flight  training  simulation  and  man/machine  interaction 
developments  will  have  direct  application  to  civil  aviation.  The 
general  aviation  industry  also  could  benefit  from  new  advances  in 
flight  simulation  and  airborne  displays. 

Air  Vehicle  Technology 

The  tojchnoiogy  boAe  ioA  aiA  oMdLzJA  iA  AappoAted  by 
mitiWiy  phjognxmA  Xjn  ^tigfvt  mechanicA,  AtAuctuAeA,  flight  corUAol, 
vcfUcic  dynanUcA,  and  vefucZe  cqtUpment,  MoAt  0j{  the  mjoA  techno- 
iogtcal  odvanceA  tn  mttitoAy  KSV  that  bene^tt  ctvtt  avtatton  oAe 
iound  in  the  oiA  vehicle  oaqjol, 

•  In  flight  mechanics,  programs  dealing  with  the 
compatibility  of  the  jet  engine  with  the  air  inlet,  and  improvement 
in  overall  integration  of  the  airplane  and  engine,  are  expected  to 
result  in  more  efficient  airplanes  of  increased  performance.  The 
generalized  aerodynamic  prediction  programs  leading  to  computerized 
design  techniques  will  shorten,  as  well  as  enhance  the  accuracy  of, 
the  design  process.  Programs  in  buffet  criteria,  high- lift  and 
maneuvering  devices,  advanced  airfoil  and  wing  design,  and  drag 
minimization  are  aimed  at  extending  the  range  and  other  capabilities 
of  aircraft . 

•  Advanced  development  programs  in  all-metal  structures 
will  provide  demonstration  of  the  advances  recently  made  in  fracture 
mechanics  and  in  joining  techniques  which  lead  to  lighter  weight 
structures.  Work  in  structural  analysis  will  lead  to  optimum 
designs  that  satisfy  both  strength  and  flutter  constraints. 


IV- 17 


•  In  flight  control,  the  concepts  of  CCV,  augmented 
stability,  maneuver  load  control,  integrated  direct  lift  control, 
and  elastic  mode  control  will  be  significant  influences  on  aircraft 
design.  Fly-by-wire  control  technology  will  perrait  greater  design 
flexibility  and  allow  easy  incorporation  of  specialized  control 
functions.  Load  alleviation,  an  all-weather  landing  capability, 
and  an  improved  pilot-airplane  interface  are  expected  to  result 
from  this  technology. 

•  In  vehicle  dynamics,  programs  in  active  flutter 
suppression  arc  aimed  at  increasing  performance  envelopes  and  reduc¬ 
ing  structural  weight.  Programs  in  buffet  load  research,  vibration 
reduction,  the  dynamic  characteristics  of  composite  structures,  and 
advances  in  theoretical  unsteady  aerodynamics  will  improve  flight 
safety  and  reliability.  Also  contributing  to  design  advances  are 
programs  in  sonic  fatigue,  particularly  those  directed  to  structural 
elements  that  are  exposed  to  both  high  temperatures  and  noise  levels, 
such  as  nacelle  acoustic  treatments  and  nacelle  fairings. 

•  Vehicle  equipment  programs  involving  research  in 
environmental  control  systems,  which  provide  stable  and  suitable 
environment  in  all  compartments  of  the  airplane,  are  underway. 

This  almost  exclusively  military  supported  research  area  leads  to 
safer,  more  reliable  airplane  operations. 

ASSESSMENT  OF  RELEVANCY  OF  MILITARY  AERONAUTICAL  RESEARCH 
AND  TECHNOLOGY  PROGRAMS  TO  CIVIL  AVIATION  RSD  NEEDS 

The  p^ceexUng  cU6ai&6^yi6  on  cuAAcnt  and  planned  mlZitajiy 
aeAonaiJuUcal  ne/^ea/idi  and  technology  pKogmnfi6  cleoAty  6how  that  the 
Keleoanjcy  o^  thei>e  eiiont^  to  the  P^V  neecU  o(  cavH  aviatton  am 
high,  and  that  thiM  Kelattoi'^Mhip  uxM  continue  in  the  iutuAe* 

It  was  pointed  out,  however,  that  there  are  differences  in 
degree  or  extent  o^  relevancy  when  individual  areas  of  civil 
aviation  R§D  need  are  considered.  Thus,  as  a  means  for  highlighting 
these  variances,  specific  relevancy  assessments  have  been  made. 

Each  area  of  civil  aviation  R§D  need  has  been  rated  according  to  a 
scale  of  three  relevancy  values:  high,  moderate  and  low.  The 
ratings  are  based  on  an  assessment  of  the  number  of  military  aero¬ 
nautical  research  and  technology  efforts  involved,  their  degree  of 
potential  application  to  the  civil  aviation  R5D  need,  and  the  depth 
and  magnitude  of  the  military  program.  The  assessment  is  summarized 
in  Table  9, 

In  both  noise  abatement  and  air  pollution,  the  military 
services  are  major  participants  in  several  interagency  programs, 
and  separately  are  conducting  a  wide  variety  of  fundamental  research 


and  technology  programs  with  important  spin-off  applications.  In 
noise  abatement,  the  military  projects  are  just  getting  underway, 
and  so  the  relevancy  assessment  is  **low,**  with  an  upward  trend 
indicated.  However,  the  levels  of  noise  abatement  and  thus  the 
technical  solutions  that  may  be  required  of  civil  systems  may  not 
be  compatible  with  military  performance  and  operational  require¬ 
ments.  In  air  pollution,  on  the -other  hand,  the  military  has  been 
active  for  several  years  -  for  perhaps  different  reasons  than  today 
-  and  so  the  relevancy  assessment  is  ’‘moderate,"  with  an  upward 
trend  also  indicated. 


Table  9 

Relevancy  Assessment 


CIVIL  TRANSPORT 

AVIATION  R£D  NEED 

MILITARY  TECHNOLOGY 
PROGRAM  RELEVANCY 

NOISE  ABATEMENT 

LOW  # 

AIR  POLLUTION 

MODERATE  # 

CONGESTION 

AIRWAYS 

HIGH 

AIRPORTS 

LOW 

SHORT  HAUL  TRANSPORTATION 

HIGH 

LONG  HAUL  TRANSPORATION 

MODERATE  ^ 

AIR  CARGO 

MODERATE  ^ 

TECHNOLOGY  BASE 

HIGH 

In  the  airways  aspect  of  congestion,  it  is  clear  that  the 
military  services  have  many  important  air  traffic  control,  navi¬ 
gation,  and  communication  research  and  technology  programs. 
Accordingly,  a  "high"  relevancy  rating  is  assigned.  Regarding  the 
airport  aspect  of  congestion,  however,  only  military  runway  efforts 
seem  pertinent  to  the  civil  problem.  Thus,  the  relevancy  assessment 
is  "low."  No  change  in  trend  in  either  case  is  anticipated. 

The  degree  of  compatibility  between  military  research  and 
technology  programs  and  the  short-haul  transportation  R§D  needs  of 
civil  transport  aviation  also  is  clearly  "high."  The  numerous 
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helicopter,  STOL  and  V/STOL  efforts  of  the  military  certainly  will 
be  beneficial  to  civil  aviation. 

In  long-haul  transportation,  there  are  several  significant 
military  research  and  technology  efforts,  such  as  the  Supercritical 
Wing  and  Control  Configured  Vehicle  Demonstrations,  hypersonic 
research,  and  B-1  spin-off  applications.  However,  only  a  "moderate" 
relevancy  assessment  has  been  made  because  it  cannot  be  shown  that 
the  military  projects  are  broad-base  in  nature  when  all  of  the 
possible  civil  aviation  R^D  needs  in  long-haul  transportation  are 
considered.  In  addition,  a  downward  trend  is  indicated  because 
the  military  does  not  have  any  long  range  transport  aircraft  develop¬ 
ment  programs  under  active  consideration  at  this  time.  Thus,  the 
extent  and  number  of  future  military  programs  in  this  area  could 
decrease. 


In  air  ca  R§D,  very  few  new  military  projects  are  being 
considered.  However,  because  of  past  work,  and  because  improvements 
in  cargo  handling  and  containerization  still  are  being  made,  a 
"moderate"  rating  has  been  assigned. 

Finally,  the  relevancy  of  the  underlying  technology  base 
developed  as  a  result  of  military  programs  is  excellent  in  all  of 
the  disciplines,  and  a  "high"  relevancy  assessment  is  the  result. 
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SECTION  V 


RELEVANCY  OF  HILITARY:  ALRCRAFI  RRQfiRAMS 

TO  COMMERCIAL  AIRLINER  DEVELOPMENT 


The  preceding  section  examined  current  and  future  military 
aeronautical  "research  and  technology"  programs  in  relation  to  the 
aeronautical  R^D  needs  of  civil  aviation  as  identified  by  the  CARD 
Study.  The  relationship  between  aeronautical  designs,  equipment 
and  hardware  generated  in  military  programs  and  the  design,  develop¬ 
ment,  and  production  of  civil  airliners  will  now  be  considescd.  The 
nature,  timing,  and  trends  of  this  process  are  examined  with  refer¬ 
ence  to  six  specific  examples.  These  case  studies  begin  with  the 
Boeing  707  and  Douglas  DC-8  in  the  mid-1950s,  and  continue  with 
inclusion  of  the  Boeing  747  and  McDonnell -Douglas  DC-10  in  the  late 
1960s.  Examples  for  the  future  include  a  Medium  STOL  Transport  (MST) 
and  an  Advanced  Supersonic  Transport  (ASST). 


OVERVIEW 


BACKGROUND  CONSIDERATIONS 

kt  tkz  pfLUZYit  tmz  tkz  deveZofmeiU  and  p^ductcon  o(  a  la/igz 
mdt-bodiojd  on.  jumbo  jzt  comme/uUat  oikUneA.  a  multi-b^XJUjon 
dollan  veatunc.  The  engineering  manpower  required  averages  on  the 
order  of  5000  personnel  for  about  30  months  during  the  key  portion 
of  the  development  period,  with  lesser  numbers  before  and  after, 
and  at  the  peak  of  manufacturing  as  many  as  10,000  personnel,  or 
more,  may  be  employed.  This  present  requirement  for  manpower  is 
double  the  amount  previously  needed  for  jet  transports  such  as  the 
Super  DC-8  and  advanced  707,  and  four  times  the  amounts  for  the 
earlier  707s  and  DC-8s. 

In  addition,  many  large  facilities  are  required,  including 
laboratories,  wind  tunnels,  static  and  fatigue  test  facilities, 
simulators,  flight  test  facilities,  and  large  computer  complexes. 
Buildings  are  required  for  manufacturing,  subassembly,  and  final 
assembly,  as  well  as  for  the  completely  integrated  vehicle  and 
checkout  function.  Added  to  the  prime  contractor's  resources  are 
those  of  numerous  subcontractors.  For  example,  in  the  case  of  the 
747,  Boeing  has  estimated  use  of  250  million  dollars  worth  of 
facilities  at  subcontractor  locations. 
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A  rrajO'r  cU^^eAcuce  ^n  pkiZo6ophy  2.xl6U  in  tht  design  oi  miti- 
toAy  and  civilian  oiAcnait,  A  militoAy  oiAcna^t  ib  designed  and  built 
to  accomplish  a  nUlitoAy  misbion,  and  thab  pnimAy  mphobib  ib  placed 
on  mibbion  peA^oAmancc.  Therefore,  some  degree  of  calculated  risk  is 
tolerable  for  the  application  of  new  technology  for  the  first  tine. 
CommeAcial  alAcnaf^t  design,  on  the  othcA  hand,  btAcbbCb  barely,  pob- 
bcngoA  com^o At, economy,  and  long  bCAvice  Hie.  Therefore,  connercial 
airliner  development  normally  is  characterized  by  the  incorporation 
of  only  those  technological  advancements  that  already  have  been  proven 
and  demonstrated,  usually  in  military  systems. 

The  tAatuieA  oi  technology  oa  hoAdmAe  albo  dependb,  to  a 
gAeat  extent,  on  the  mix  o^  miUtoAy  and  cormeJicial  bubinebb  in 
which  an  acAobpace  company  has  been,  OA  ib,  involved »  In  the  early 
1950s,  for  example,  over  50  percent  of  the  Boeing  Company’s  work  was 
in  military  development  and  production;  today,  the  amount  is  about 
15  percent.  Consequently,  the  transfer  of  hardware  is  less.  And, 
about  twenty  years  ago,  the  majority  of  the  facilities  used  by  a 
company,  such  as  Boeing  or  Douglas,  were  facilities  owned  by  the 
Government.  Today,  the  Boeing-Everett  Plant,  where  the  747  is  pro¬ 
duced,  is  100  percent  company  owned.  Tiiese  observations,  on  ratio  of 
business  and  on  plant  ownership,  reflect  trends  in  the  hardware  trans¬ 
fer  process  that  will  be  discussed  in  the  case  studies  later. 

BACKGROUND  HISTORY 

VuAing  the  1940b,  hjOAckoaAe  tAans^eA  between  civil  oiAlineA 
and  militoAy  t'.  inbpoAt  developments  was  almobt  diAect,  In  borne  cobcb, 
the  only  di^^eAences  weAe  in  inteAioA  oAAangementb  and  equipmentb; 
in  othejf.  cobes,  the  chain  ojJ  impAovement  wob  buch  that  it  ib  di^^icxxlt 
to  detcAmine  who  bpoi'ibOAed  what  development.  The  DC-4/C-54  is  one 
example  of  this  close  interrelationship.  Designed  as  a  U.S.  coast-to- 
coast  airliner,  the  DC-4’s  airline  use  was  limited  by  the  war;  but 
over  1,000  flew  as  the  military  C-54.  This  basic  design  then  led 
to  the  prototype  XC-112A  military  freighter,  from  which  the  C-118, 
the  DC-6,  and  the  PC-7  later  evolved. 

The  military  T-29  trainer  and  C-131  transport  were  involved 
in  a  similar  interchange  as  part  of  the  Convair  240,  340  and  440 
airliner  developments.  The  Boeing  377  Stratocruiser  was  the 
civilian  counterpart  of  the  military  C-97  tran.sport,  and  the  C-121 
was  a  military  version  of  the  Lockheed  1049  Super  Constellation, 
which  in  turn  had  evolved  from  the  earlier  military  C-69,  a  version 
of  the  original  "Connie",  the  Lockheed  049. 

Civti  cuAlineA  development  iyi  the  1940b  and  eoAly  1950b  albo 
beneiitted  i^Aom  K'ilitoAy  sponboAcd  oA  ebtabtished  plant  iacilitieb. 
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jacct6tce6,  mamiacXu/ung  and  pncduction  meXhodA,  tootufig,  and 
doj^ign  tern  T/:e  tmn&iQA.  pfu)ct&6  (MA  a  total  am,  and  it 

contim^d  to  £kt  int/iodLLctton  o^  j^t  aJUdUnoA  hZAVAjat  in  1958. 

The  military  was  the  first  to  undertake  the  development  of  jet 
powered  aircraft.  By  the  early  1950s »  the  rapid  advancement  made 
in  turbojet  engine  development  and  the  demonstration  of  high  speed 
flight  already  had  set  the  stage  for  the  large  aircraft  that  could 
be  used  as  commercial  transports.  Early  military  jet  aircraft  -  the 
F-86s,  A-3Ds,  B-47s,  C-135s,  and  B-52s  -  proved  the  technology  and 
were  the  forerunners  of  the  large  jet  airliners  of  today. 

The  Jet  Age  of  commercial  airliners  began  in  1954,  in  the 
United  States,  with  the  Boeing  Model  367-80  -  the  prototype 
predecessor  of  the  707.  The  following  portions  of  this  section 
examine  further  the  application  and  transfer  of  military  R8D  and 
hardware  to  commercial  aircraft  development. 


SUMMARIES  OF  AIRLINER  CASE  STUDIES 


Six  case  studies  of  airliner  development  were  accomplished 
as  a  part  of  the  RADCAP  review.  Four  of  the  cases  relate  to  the 
history  of  modem  jet  airliners,  and  two  are  concerned  with  projec¬ 
tions  of  realistic  but  hypothetical  future  civilian  transport  air¬ 
craft  -  a  Medium  STOL  Transport  (MST),  and  an  Advanced  Supersonic 
Transport  (ASST).  The  primary  thrust  of  the  case  studies  was  to 
examine  the  relevancy  and  transfer  of  military  developmental  efforts 
to  development  of  the  airliners. 

BOEING  707 

The  Boeing  707  uxxa  the  fi/ut  ia/ige  U.S.  jet  commeAcaU 
cuAcAaft  de&igned  foA  high  AubAonixi  cAwUe  ApeedA  (0.8  Mach  numbeA). 
The  Boeing  Model  367-80  uxu  the  pAototype  ioA  the  707,  and  evolved 
iAom  Boeing  expeAlence  viith  the  Ma  foAce  B-47  and  B-52  pAogAounA. 

The  Boeing  S-47,  (ohlch  iiAAt  ilew  in  1947,  mA  the  Alnale  moAt 
important  ^oAeAunncA  to  the  367-80,  and.  In  tuAn,  to  the  kiA  ToAce 
KC-135  jet  tankeA  and  the  comeAclxil  707 .  The  Boeing  707-110 
enteAed  AeAvice  in  1958,  and  expeAlence  hoA  pAoved  it  to  be  a  veAy 
AucceAA^ul  comeAclal  oMlneA, 

•  Configuration 

The  high  aspect  ratio,  35  degree  swept  wing  on  the  B-47 
provided  Boeing  with  the  extensive  aerodynamic  and  structural  design 
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data  needed  to  build  a  large  commercial  airplane  that  could  cruise 
at  high  speeds  and  make  efficient  use  of  the  jet  engine.  B-47 
flight  experience  also  was  of  vital  importance  to  the  707.  The 
flight  data  produced  new  information  on  the  effects  of  structural 
flexibility  on  aileron  effectiveness,  and  emphasized  the  importance 
of  aeroelasticity.  New  and  improved  design  methods  also  were 
developed  based  on  the  B-47  flight  results. 

In  developing  the  707,  as  well  as  the  military  KC-135, 
Boeing  attempted  to  apply  all  of  the  lessons  learned  in  the  B-47  and 
B-52  developments.  For  example,  the  use  of  spoilers  for  roll  control 
and  the  provision  of  inboard  ailerons  came  from  the  B-52.  In  addi¬ 
tion,  the  problems  of  the  mechanical  yaw  damper,  as  experienced 
on  the  early  military  jets,  were  avoided  by  using  a  hydraulically- 
powered  electronic  yaw  damper.  The  latter,  in  turn,  transferred 
back  to  the  late  B-52s. 

The  707  wing  was  an  advancement  over  the  B-47  wing  and 
had  increased  thickness  near  the  root,  which  improved  the  structural 
efficiency  and  thereby  reduced  the  wing  weight.  The  wind  tunnel  tests 
accomplished  at  Boeing  on  the  B-52  wing  also  provided  extensive  aero¬ 
dynamic  information  on  the  effects  of  increased  root  thickness  on 
lift  and  drag  divergence  and  made  a  significant  contribution  to  the 
707,  In  addition,  these  tests  provided  considerable  information  on 
nacelle  placement  and  pylon  design  which  supplemented  earlier  tests 
on  the  B-47  nacelles  and  provided  design  data  needed  to  minimize 
drag  interference  between  the  wing  and  nacelles.  Boeing  also  found 
that  the  stall  and  stability  characteristics  of  the  swept  wing  were 
improved  by  the  pylons  because  they  acted  like  wing  fences  and  helped 
to  reduce  spanwise  flow,  which  usually  causes  flow  separation  at 
moderate  angles  of  attack. 

•  Structures 


The  interchangeable  transfer  of  major  air  vehicle  sections 
and  components  from  the  B-47  and  B-52  to  the  707  was  low;  however, 
the  transfer  of  equipni'=‘nl  and  basic  design  experience  from  the  B-47 
and  B-52  was  high.  Between  the  KC-135  and  707  there  was  a  very  high 
degree  of  compatibility.  Much  of  the  707  structure  is  similar  to 
that  of  the  KC-135  with  the  notable  exception  of  the  fuselage  design, 
the  use  of  2024  aluminum  alley,  and  improved  joint  design  in  the 
lower  wing  skins  for  longer  fatigue  life. 

•  Flight  Controls 

The  707  aircraft  flight  control  system  derived  from  the 
experiences  of  the  B-47  and  B-52  bo^rber  programs.  The  B-47,  with 
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its  swept  wing,  suffered  the  characteristic  Dutch  roll  oscillation 
and  applied  an  electronic  yaw  damper  as  a  corrective  measure,  a 
device  also  used  on  the  707.  The  wing-pylon  suspended  engines, 
originally  causing  some  configuration  and  performance  concern,  also 
had  a  beneficial  effect,  a  "docile"  stall  characteristic  of  value 
to  the  707.  The  directional  control  actuation  was  accomplished  by 
hydraulics  which  involved  a  transfer  of  technology  from  high  perform¬ 
ance  fighters. 

•  Propulsion 

The  propulsion  system  for  the  707  was  a  direct  transfer 
of  the  military  J-57  engine,  which  was  the  first  production  engine 
employing  the  dual  spool  concept.  This  made  it  possible  to  apply  a 
higher  compression  ratio,  11.5  to  1,  than  other  engines  of  the  period. 
The  higher  efficiency  of  the  cycle  and  the  engine  components  produced 
a  20  percent  reduction  in  fuel  consumption  compared  with  single  spool, 
low  pressure  ratio  turbojets.  The  extensive  use  of  titanium  in  the 
rotors  and  static  structure  increased  thrust-to-weight  more  than  10 
percent.  The  Pratt  §  Whitney  J-57  engine  had  been  proven  on  the  B-52 
and  C-135  programs,  and  its  commercial  derivative,  the  JT-3C,  was 
ready  for  use  on  the  707.  The  J-57  and  JT-3  engines  had  a  high  degree 
of  commonality  when  the  commercial  engines  were  introduced  to  service. 
The  military  program  preceded  the  start  of  the  commercial  program  by 
a  number  of  years  and  uprated  models  were  being  developed  concurrent 
with  the  commercial  program.  The  experience  generated  was  easily 
applied  to  both  programs. 

The  Boeing  707-120  made  its  first  commercial  flight  on 
October  28,  1958,  more  than  six  years  after  the  first  flight  of  the 
B-52.  Development  of  the  military  J-57  engine  was  started  in  1949. 
Thus,  prior  to  the  first  commercial  flight,  more  than  68,000  hours 
of  engine  development  testing  were  completed,  and  military  airplanes 
had  completed  more  than  three  million  engine  flight  hours.  Approx¬ 
imately  400  million  dollars  were  spent  by  the  military  on  J-57  engine 
development. 

•  Avionics 


The  direct  transfer  of  avionics  equipment  from  the  military 
was  moderate.  Boeing  procured  electronic  systems  directly  from 
commercial  vendors;  however,  the  vendors  used  basic  military  designs 
to  produce  the  equipment.  The  cost  savings  were  considerable  since 
the  vendor  did  not  have  to  qualify  his  product  to  military  require¬ 
ments.  The  communications  radio  systems  were  vendor  supplied  in 
accordance  with  contractor  specifications  requiring  that  all  vendor 
produced  communications  systems  be  FAA  certified  in  accordance  with 
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the  applicable  ARINC  (Aeronautical  Radio  Inc.  -  a  company  sponsored 
by  the  airlines  to  prepare  avionics  specifications  in  accordance 
with  FAA  requirements)  characteristics.  About  50  percent  of  the  items 
of  navigation  equipment  in  the  707  were  derived  directly  from  military 
equipments.  However,  the  autopilot  and  inertial  navigational  systems 
(in  later  models)  were  direct  descendants  from  military  equipment. 

As  with  communications  systems,  the  major  navigation  systems  were 
certified  by  the  FAA  to  ARINC  standards  covering  that  system. 

•  Summary 

In  ^vtimaxy,  it  it  cteoA  that  thz  Boetng  707  t/iaczt  itt 
tbrnat  and  ancett/iy  doiejctJLy  to  tkt  6-47  and  6-52  bombeA  p^ogAont, 
and  that  Boetng  expeAtcnce  in  the.  mititcuiy  jet  aincAait  pAognjam6  mt 
invaluable  to  the  707  development.  The  t/iantioA  oi  militoAy  tejehno- 
logy  and  handmAe,  Aetativety  speaking,  uxu  veAy  high. 

DOUGLAS  DC- 8 

In  1955,  Vouglat  a66embled  a  detign  team  to  enteA  the  AiA 
foAjce  jet  tankeA  competition.  Thit  team  then  mt  pAepoAed  to  move 
diAecXly  into  the  design  and  development  of  the  PC-8  oiAcAaft.  Sy 
that  time,  the  BAttUh  Comet  (0X6  aVieady  flying,  Boeing  had  built 
the  Model  367-80  pnototype,  and  Vouglas  had  bvult  such  high  6ub6onic 
speed  militoAy  jet  aincAaft  as  the  Mavy  A-3P,  the  Navy  A-4P,  and  the 
FoAce  8-66.  These  oiAcAaft  pAovided  6ome  of  the  technology 
^*know-hovf*  AequiAed  foA  the  development  of  a  loAge  high  subsonic 
Speed  commeAclal  tAonspoAt  like  the  PC-8,  Because  of  time  and 
competition,  Vouglas  undeAtook  the  VC~8  pAogAom  uithout  a  diAect 
pAedecessoA  oa  a  pAototype.  The  oiAcAaft  has  pAoved  to  be  an 
outstanding  cormeAcial  oiAlineA  and,  mth  some  modifications,  fuis 
led  to  the  SupeA  VC-8,  Mhich  is  one  of  the  loAgest  tAanspoAts  in  use 
today. 


•  Configuration 

Tlie  configuration  for  the  DC-8  was  conventional.  It 
employed  a  thicker  airfoil  section  designed  by  Douglas,  based  on 
data  from  and  military  R§D  programs.  The  airplane  was  manu¬ 
factured  and  assembled  at  Long  Beach  utilizing  Air  Force  plants,  as 
well  as  two  new  assembly  buildings  specifically  constructed  by 
Douglas  for  the  DC-R,  The  DC-8  aerodynamic  design  was  strongly 
influenced  by  the  competitive  thrust  of  the  707,  which  threatened 
to  take  over  the  commercial  market.  Since  Douglas  did  not  choose  to 
develop  a  protot)*pe.  a  conservative  approach  was  used  in  many  areas. 

The  35  degree  swept  wing  on  the  B-47  had  demonstrated  that 
high  lift-drag  atios  and  good  stability  could  be  achieved  at  high 


subsonic  Mach  numbers.  Douglas  established  a  design  goal  for  the 
DC-8  to  have  the  same  cruise  Mach  number  as  the  707  and  have  better 
low  speed  stability  and  control  characteristics.  After  considerable 
study  and  analysis,  it  was  decided  to  reduce  the  wing  sweep  to  30 
degrees  and  to  increase  the  root  thickness  ratio  compared  to  the  B-47 
wing.  In  prior  work  on  the  C-74,  Douglas  had  investigated  improved 
airfoil  sections  for  high  speed  flight.  This  provided  much  of  the 
data  needed  to  reduce  the  wing  sweep,  increase  the  root  thickness 
and  retain  the  same  cruise  Mach  number  as  the  707. 

The  DC-8  configuration  was  developed  around  the  extensive 
design  data  that  Douglas  had  compiled  from  prior  military  and  commer¬ 
cial  aircraft  development  and  independent  research  programs.  The 
double  slotted  trailing  edge  flap  design  was  based  on  extensive  design 
data  and  wind  tunnel  tests  from  the  XC-132,  C-133, and  DC-6  programs. 
Moderate  application  of  design  work  accomplished  on  the  A-3D  program 
contributed  to  the  DC-8  wing  spoilers.  In  addition,  moderate  appli¬ 
cation  from  the  C-133,  and  design  data  from  the  DC-4,  C-54,  C-74,  and 
DC-6  aircraft,  were  used  for  the  fuselage,  aerodynamic  controls,  trim 
tabs,  and  aerodynamic  balances. 

•  Structures 


The  design  and  development  of  the  DC-8  utilized  the  pro¬ 
cedures  and  some  of  the  equipment  acquired  for  the  structural  static 
and  fatigue  tests  of  prior  military  programs,  the  A- 3D,  B-66  and  C-133. 
An  airload  survey  based  on  military  requirements  and  prior  experience 
was  conducted  to  validate  the  airloads  used  in  the  design.  Also,  the 
Government  provided  the  numerically  controlled  tooling  that  was  employed 
in  manufacturing  the  aircraft. 

•  Flight  Controls 

The  flight  control  system  of  the  DC-8  made  maximum  use  of 
established  technology.  The  primary  controls  were  mechanical  with 
hydraulic  actuation  being  used  only  where  manual  power  was  insufficient, 
and  then  with  provisions  for  manual  reversion  in  case  of  hydraulic 
failure.  All  mechanical  and  hydraulic  components  were  designed  in- 
house,  The  autopilot  was  furnished  by  Sperry  and  used  accelerometers 
as  the  basic  stabilization  sensors.  This  was  sound  in  principle  but, 
like  all  new  approaches,  required  about  three  years  to  reach  a 
satisfactory  state  of  service.  The  problems  of  rate  gyros  were  avoided 
by  this  concept,  but  the  electronics  stale- of-the-art  required  by  this 
embodiment  was  inadequate  at  that  time.  Hydraulic  leaks  and  high 
surge  pressure  problems  that  occurred  were  successfully  solved. 

Douglas  engineers  estimated  that  40  percent  of  the  technology  used 
came  from  military  sources,  primarily  its  own  experience  with  the  B-66, 
X-3  and  A- 3D  aircraft. 
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•  Propulsion 

The  initial  DC-8s  used  the  same  engine  as  the  707  -  the 
JT-3,  which  was  the  commercial  equivalent  of  the  military  J-57  engine. 
Later  versions  of  the  DC- 8  used  the  superior  JT-4,  which  was  the  com¬ 
mercial  equivalent  of  the  military  J-75  engine.  The  engine  basically 
is  a  scaled  up  version  of  the  J-57/JT-3C  twin-spool  engine  and  has  a 
pressure  ratio  of  12:1.  The  DC-8-20  transport  completed  its  first 
commercial  flight  on  March  6,  1960,  eight  years  after  the  start  of 
development  of  the  military  J-75  (1952).  More  than  32,000  hours  of 
engine  development  testing  and  approximately  15,000  hours  of  flight 
in  military  aircraft  had  been  completed  prior  to  the  first  commercial 
flight.  The  military  experience,  coupled  with  the  technology  trans¬ 
ferred  from  the  J-57/JT-3C  programs,  directly  benefitted  the  com¬ 
mercial  JT-4  program.  Government  expenditures  on  the  J-75  engine 
were  approximately  $220  million  by  1956. 


•  Avionics 


About  60  percent  of  the  avionics  equipment  incorporated 
into  the  DC-8  was  derived  from  commercial  equipment.  Douglas  prepared 
specifications  based  on  ARINC  characteristics  to  cover  the  particular 
equipment  being  purchased.  All  avionics  systems  were  FAA  certified. 
The  electronics  equipment  directly  transferred  from  the  military 
were  the  AN/CRT-3  Rescue  Radio  Transmitter  and  the  SCR-718  High- 
Altitude  Altimeter. 

•  Summary 

In  6ujma/Lijf  the.  majoK  mAjUXoAy  cGntfUbutloyis  to  the,  VC-S 
pxognam  weAt  the  technology  base,  design  data,  the  engine,  lacillties, 
6ome  equipment  and  components,  and  expe/rtence.  Mo  stmtioA  mtlita/iy 
jet  t/iayUipoKt  had  been  pxodaced  by  the  company, 

BOEING  747 

The  Boeing  747  development  proceeded  jj/tom  the  loAge  background 
0^  design  data  obtained  on  the  KC-135,  707,  717  and  other  Boeing 
programs,  and  the  same  design  team  that  had  been  dram  together  to 
mrk  on  the  Mr  Force  C-5A  proposal  formed  the  backbone  for  contin¬ 
uation  of  Boelng*s  large  transport  design  concepts.  The  extensive 
analyses  and  ulnd  tunnel  testing  on  the  C-5A  proposal  aircraft 
undoubtedly  contributed  significant  design  Information  for  the  747, 
although  the  final  configuration  ms  different.  For  example,  design 
mrk  for  the  C-5A  competition  demonstrated  the  feasibility  of  the 
H-iJoheel  high  flotation  maly,  landing  gear  used  on  the  747 , 
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•  Configuration 


The  747  aerodynamic  design  made  effective  use  of  an  im¬ 
proved  "peaky”  airfoil  design  which  provided  good  lift  characteristics 
at  high  subsonic  speeds.  This  airfoil  section  significantly  improved 
the  buffet  boundary  compared  to  the  707  aircraft.  Extensive  wind 
tunnel  testing  was  accomplished  by  Boeing  before  the  first  flight. 

By  the  end  of  1971,  almost  20,000  hours  had  been  logged.  A  triple 
slotted  flap  was  developed  for  the  747  which  had  its  background  in 
the  development  of  the  727.  Boeing  made  extensive  use  of  ground- 
based  simulators  to  verify  the  flight  handling  qualities  and  stability 
and  control.  This  procedure  combined  with  the  extensive  aerodynamic 
testing  in  the  wind  tunnel  contributed  to  the  rapid  development  of 
the  final  configuration  and  the  early  solution  of  problem  areas. 

•  Structures 


The  structural  design  of  the  747  also  drew  heavily  upon 
the  engineering  background  and  technology  base  assembled  by  Boeing 
in  designing  and  developing  many  large  military  and  commercial 
aircraft.  Their  internal  R§D  programs,  particularly  in  the  areas 
of  power  spectral  density  gust  design  procedures,  runway  roughness 
measurements  for  dynamic  taxi  loads,  fatigue  and  fracture,  and 
materials  applications  made  significant  contributions  to  the  747 
development . 

The  747  airframe  made  extensive  use  of  fiberglass  panels 
and  components  in  many  areas  to  reduce  the  weight.  This  was  a  step 
forward  in  structures  design.  In  addition,  the  large  titanium  gear 
extrusion  was  a  significant  advancement  in  landing  gear  design  and 
also  improved  the  structural  efficiency. 

'Tie  plant  facilities  for  the  construction  and  assembly 
of  the  747  '/ere  built  by  Boeing  at  a  new  site,  now  called  the 
Everett  Plant.  The  first  tests  for  the  aircraft  were  accomplished 
using  both  Boeing  and  military  facilities.  In  addition  to  Boeing 
Field  and  Paine  Field,  Edwards  Air  Force  Base,  Roswell  Air  Force 
Base,  and  Moses  Lake  were  used.  And,  in  producing  the  aircraft, 
large  titanium  forgings  were  made  by  Wyman-Gordon  using  military 
heavy  presses. 

•  Flight  Controls 

'The  control  system  of  the  747  is  several- fold  more 
extensive  than  the  system  employed  in  tlie  707.  Four  independent 
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hydraulic  systems  are  employed.  The  control  surfaces  themselves 
are  divided  so  that  the  redundancy  extends  to  the  aerodynamic 
surfaces.  The  redundancy  is  so  extensive  that  loss  of  control 
performance  will  not  result  from  a  single  failure,  and  even  a 
second  similar  failure  does  not  cause  unacceptable  control. 

The  747  control  system  also  provides  a  flight  director 
system  which  derives  its  signals  from  the  same  signal  sources  and 
computers  as  the  automatic  control.  The  pilot  may  easily  monitor 
the  automatic  operation,  may  exercise  control  in  conjunction  with  the 
automatic,  or  may  assume  the  total  guidance  and  control  function 
without  loss  of  orientation  and  with  full  understanding  of  the  situ¬ 
ation  and  without  switching  or  control  transients.  Simplification 
of  operating  controls  and  status  monitoring  has  been  widely  practiced. 
Boeing  first  employed  these  piloting  and  instrumentation  features 
in  various  degrees  in  the  727  and  737  aircraft.  These  applications 
served  as  prototypes  and  added  confidence  to  the  747  development. 

From  Boeing  discussions  and  independent  knowledge  of  Air 
Force  and  vendor  programs,  it  is  concluded  that  the  origin  of  the 
control  technology  for  the  747,  including  the  control  configuration 
and  pilot  features,  derives  directly  or  through  other  Boeing  systems 
from  military  sources  to  the  extent  of  about  50  percent. 

•  Propulsion 

The  747  engine,  the  Pratt  §  Whitney  JT-9D,  was  a  major 
advance  in  turbine  engine  design,  and  many  of  the  technical  advances 
incorporated  in  the  JT-9D  Program  had  Government  support.  A  joint 
military/ industry  research  and  development  program  was  begpn  during 
the  early  1960s  with  the  aim  of  improving  the  general  turbine  engine 
technology  base.  The  Lightweight  Gas  Generator  Program  explored  high 
performance,  compact  compressors  and  high  temperature  turbine  design. 
Technology  for  this  program  was  incorporated  by  Pratt  §  Whitney  in  a 
very  advanced  full-scale  demonstrator  engine  designated  the  STF-200. 
This  engine  became  the  prototype  for  a  new  generation  of  high-bypass- 
ratio  -engines. 

Two  major  demonstrator  engines  evolved  from  the  STF-200. 
One,  the  Pratt  §  Whitney  JTF-17,  was  a  competitor  for  the  United 
States  Supersonic  Transport  (SST)  Program  and  the  other,  the  Pratt  § 
Whitney  JTF-14,  competed  for  the  Air  Force  C-5A  transport  program 
and,  although  not  selected  for  this  application,  was  redesigned  as 
the  JT-9D  which  was  chosen  to  power  the  Boeing  747.  The  JT-9D 
development  began  in  January  1966  and  the  747  first  flew  in  commercial 
service  four  years  later  in  January  1970.  At  that  time  approximately 
5,000  hours  of  engine  development  testing  had  been  completed  by 
Pratt  §  Whitney.  Lacking  a  military  counterpart,  the  opportunity  to 
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discover  and  correct  any  design  problems  before  commercial  use  was 
not  present.  During  the  second  year  of  operation,  the  engine 
experienced  a  0.35/1000  hours  inflight  shutdown  rate  with  the  total 
flying  time  of  2,458,343  hours  since  entering  commercial  service. 
Also,  during  this  second  year  of  operation,  the  engine  experienced 
an  unscheduled  removal  rate  of  0.94/1000  hours. 

•  Avionics 


All  of  the  avionics  equipment  incorporated  into  the  747 
is  commercially  produced  by  vendors  and  is  certified  by  the  FAA  to 
applicable  ARINC  characteristics.  However,  the  component  parts  in 
practically  all  of  the  vendor  items  are  designed  to  military  standards. 
In  addition,  the  Omega  and  Loran  navigation  systems,  the  microwave 
instrument  landing  system,  lightning  protection  systems,  heads-up 
displays,  the  multipurpose  cathode  ray  tube  displays,  warning 
systems,  and  integrated  instruments  were  derived  from  military 
counterpart  equipment. 

•  Summary 

In  ^umoAy,  tht  747  jumbo  jojt,  Vikt  the.  707,  t/uice6 

muck  oi  ItA  technotogy  and  deueZopment  bcue.  to  RSV  acttvttlc&  onZyl- 
naJUy  inZtLated  by  rtUJUtaAy  ncexU.  Key  to  the  devtUopment  um  the 
p^puZston  6yAtem,  and  the  htgh~bypa66-Ajatto~tuAbofan  deveZoped  by 
the  AVl  FoAce  p^vtded  the  bait&  fo/i  the  solution  to  the  p^opuZ&ton 
p^bZem, 

MCDONNELL-DOUGLAS  DC- 10 

The  ^^cVonneZZ•Vouiglcu>  VC-10  MexUum  Range  TnarUipont  cUA.plane 
uxi6  designed  06  a  413,000  pound  aZAUiait  to  tAjon/^poKt  170  paJ66e)f\QeAJ6 
and  1,240  cubic  ieet  o^  containe/Uzed  coAgo  at  6peed6  oi  Mach  0.S8 
between  34,000  and  41,000  ioot  altitudes  iofi  about  3,000  nautical 
miZe6.  The  aiAplane  had  a  35  degree  dieeep,  iixejd  ujing  and  Id 
equipped  mth  thn.ee  GenenaZ  EZectnZe  CT-6  tuAboi^an  engined,  two 
i  .zZoded  in  pylon  mounted  naceZZed  beneath  the  'AJing  and  one  mounted 
at  the  bade  ol  the  taiZ  iin.  The  VC-10  wad  deveZoped  oAound 
condeAvative  dedign  goald  and  cnitenia  to  minimize  nZdkd  and  dhonten 
deveZopment  time,  and  wad  designed  to  take  advantage  o^  the  iueZ 
economy  and  timudt  choAactenZdticd  oi  the  high-bypodd-natio-tuAboian 
engine. 


•  Configuration 

McDonnell -Douglas  designed  the  DC-10  wing  with  a  **peaky** 
airfoil  section  which  provides  good  lift  capability  at  high  cruise 
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speeds  while  reducing  shock  wave  losses  and  flow  separation.  The 
design  work  done  by  McDonnell-Douglas  in  support  of  its  C-5  proposal 
to  the  Air  Force  nade  a  major  contribution  to  the  improved  airfoil 
section.  The  C-5  proposal  wind  tunnel  tests  also  contributed  new 
design  information  on  nacelle  and  pylon  drag  increments.  The  DC-10 
wing  design  tapers  in  thickness  ratio.  The  main  wing  spar  has  a 
compound  curvature  near  the  root  section  which  permits  an  optimum 
variation  of  thickness  ratio  in  the  inboard  region  of  the  wing. 

This  advance  in  structural  design  technique  contributed  to  good 
cruise  drag  characteristics  at  high  Mach  numbers. 

•  Structures 


The  DC-10  has  double-slotted  wing  flaps  of  similar  design 
to  the  DC-8  and  earlier  Douglas  aircraft.  This  basic  flap  design 
goes  back  to  the  develo|H&ent  of  the  C-133.  Douglas  has  conducted 
many  two-and-three  dimensional  wind  tunnel  tests  on  the  double-slotted 
flap  and  now  has  a  large  design  data  base  on  this  type  of  flap  system. 

The  straight  inlet  and  diffuser  of  the  tail  engine  on  the 
DC- 10  was  an  improvement  in  aerodynamic  design.  This  improved  the 
specific  fuel  consumption  because  of  lower  inlet  flow  distortion. 

The  nacelle  strakes  on  the  DC- 10  improve  the  maximum 
lift  on  the  wing  by  preventing  flow  separation  in  the  mid-span  region 
where  the  wing  is  highly  loaded.  This  aerodynamic  device  generates 
a  powerful  vortex  which  sweeps  high  energy  air  above  the  wing  down 
into  the  boundary  layer  and  reduces  the  flow  separation  at  high  angles 
of  attack. 


The  results  of  Government -sponsored  R8D  in  the  areas  of 
non-stationary  aerodynamics;  low  level  turbulence  measurement, 
definition  and  analysis;  parametric  fatigue  analysis;  fracture 
toughness;  and  structural  analysis  programming  and  manufacturing 
technology  were  used  by  the  DC- 10  design  team.  In  addition,  oper¬ 
ational  experience  with  the  A-3D  and  B-66,  in  particular  the  cold 
weather  sonic  fatigue  tests  conducted  in  Alaska  on  the  B-66,  in¬ 
fluenced  the  detail  design  of  this  aircraft. 

•  Flight  Controls 

The  control  system  of  the  DC- 10  is  a  fully  powered 
system.  Three  totally  independent,  hydraulic  systems  provide  a  high 
level  redundancy.  The  design  approach  was  based  on  technology 
acquired  from  prior  experience  and  that  of  others.  The  studies  and 
experiments,  as  well  as  later  engineering,  that  explored  and  develop¬ 
ed  these  redundancy  concepts  were  military  in  origin  and  began  about 
1959. 
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The  autopilot  for  the  DC- 10  provided  by  Bendix  was  a 
derivative  of  the  C-133  autopilot.  Although  hardware  was  of 
necessity  tailored  to  the  aircraft  and  to  the  customer’s  required 
features «  about  50  percent  of  the  technology  was  a  direct  transfer. 

In  addition  to  the  C-133  experience,  which  provided  Bendix  with  the 
first  transistorized  autopilot,  Bendix* s  work  with  the  B-58 
hydraulics  actuation  system  was  applied  to  the  DC- 10.  Similarly, 
the  C-141  redundant  yaw  damper  experience  served  as  background  for 
the  DC- 10. 

•  Propulsion 

The  basic  technology  of  the  CF-6  engine,  except  for  the 
fan  system,  was  the  same  as  the  TF-39  engine  developed  under  the 
military  program.  The  TF-39  engine  contract  was  awarded  in  1965. 

The  DC-lO/CF-6  made  its  first  commercial  flight  in  August  1971. 

Prior  to  the  first  commercial  flight  of  the  DC-lO/CF-6,  more  than 
30,500  hours  of  engine  development  testing  were  completed,  27,000 
hours  as  a  TF-39  and  3,500  hours  in  the  CF-6  configuration.  Addition¬ 
ally,  approximately  128,000  engine  flight  hours  had  been  accumulated 
in  the  C-5  aircraft.  Because  of  the  similarity,  the  military 
experience  was  of  great  benefit  to  the  CF-6  commercial  engine,  as 
attested  to  by  an  inflight  shutdown  rate  of  only  0.05/1000  hours  after 
six  months  of  airline  service  totalling  some  38,000  flight  hours. 
During  this  same  time  period  the  premature,  or  unscheduled,  removal 
rate  was  0.21/1000  hours.  The  L  «^mment  invested  $212  million 
for  the  development  of  the  TF-39  eii_,^ne.  A  leased  B-52  was  utilized 
as  a  flying  test  bed  for  the  CF-6  development. 

•  Avionics 


There  was  very  little  direct  transfer  of  military  avionics 
equipment  to  the  DC-10.  All  systems  are  commercially  produced  and 
vendor  supplied.  However,  the  electronics  system  techniques  were 
to  a  degree  derived  from  the  military.  For  example,  the  technology 
of  the  inertial  navigation  system  used  on  the  DC-10  was  initially 
developed  for  the  Air  Force.  The  C-band  altimeter  and  antennas  also 
derived  from  military  R8D.  Examination  of  the  avionics  equipment 
configuration  of  the  Douglas  DC-10  airplane  reveals  that  less  than 
30  percent  of  the  communications  and  navigation  equipments  were 
transferred  directly  from  the  military. 

•  Summary 

In  6ujmaA^,  -the  McVonmJU-Vouglcu  VC-10  incoKpofuUzd  a 
modtnate.  to  tow  amount  oi  tecknotogy  hoA^waAc  t/uiruicA  fAom  mtUtaAy 
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RSV»  Thz  pfivBrmy  Itm  oi  totctote  tnan^ie/L  mA  tko.  pfLopuUion 
^y^teMf  thz  G^m/ial  Etochujc.  Cf-6  h^h-bypa^6-AjcMo-XjuA,boian.  Some 
mocUi^icatlons  to  tk^  CF-6  wc4c  aocomptUtid  to  mtck  the  Itight  con- 
(LMon&  and  opcAo^nal  fX^nA  ioA,  the,  VC-tO.  Tfie  ^ine  hvidmAz 
tnanAizA,  mA  Atgnt^taint  in  AaoijnQ  iundA  and  fizdacing  timt  to 
ftighi  ope/uUion. 

MEDIUM  STOL  TRANSPORT 

The  Air  Force's  request  for  proposals  for  the  advanced 
prototype  development  and  test  of  an  Advanced  Medium  STOL  Transport 
(AMST)  of  C-130  size  was  oriented  towards  a  military  jet  STOL  trans- 
port  that  would  carry  a  15  ton  payload »  have  a  radius  of  action  of 
about  500  nautical  miles »  operate  in  and  out  of  unimproved  2,000  foot 
airstrips,  consider  the  implications  of  FAR- 36  noise  standards,  and 
utilize  either  qualified  engines  or  engines  that  have  been  preflight 
rated.  The  Aizz  On  the,  miJUtaxy  AMST  pAototypz  ccuJtd  be  cotnpoAable 
to  a  come/Lcial  STOL  tnjanApoht  ieAignek  ioK  opeAotion  in  a  Ahont- 
haul  hi%h  denAity  tAonApofUation  AyAtem*  HomoeA,  a  Aepcific 
compoAiAon  between  the  nUJUtany  AMST  pAotot^e  and  a  comeAciat 
MecUm  STOL  JAanApoAt  cannot  be  made  at  thJU  time  Aince  the  mititoAy 
pAoto^e  lA  only  in  the  "ptopodof"  and  becauAe  the  choA- 

actoAiAtlcA  0^  a  poAAible  comeAcial  Medium  STOL  TAanApoAt  have  not 
yet  been  deiined. 

•  Configuration 


Based  on  limited  design  data,  the  proposed  military  AMST 
prototype  characteristics,  and  various  parameters  discussed  in  the 
CARD  Study,  a  commercial  Medium  STOL  Transport  might  have  the  following 
general  characteristics : 


PASSENGERS 


GROSS  WEIGHT 


ENGINE  THRUST 


CRUISE  MACH 


RANGE 


90  -  150 


100,000  -  150,000  pounds 
16,000  -  25,000  pounds 


0.8  to  0.85 


300  -  500  nautical  miles 


RUNWAY  LENGTH  REQUIRE-  2,000  feet 
MENT 


NOISE  LEVEL 


Meet  FAR- 36  Noise  Standards 


IN-SERVICE  DATE 


z 


Should  the  military  Advanced  Medium  STOL  Transport  (AMST) 
Program  be  approved  and  go  on  contract,  the  experience  gained  should 
be  directly  transferable  to  civil  aviation.  Tne  high  mounted  wing 
and  associated  high  lift  devices,  the  turbofan  engines,  the  flight 
control  system,  the  landing  gear,  and  the  cockpit  displays  should 
have  major  application  to  any  future  commercial  Medium  STOL  Transport 
development  program  that  might  be  undertaken. 

•  Propulsion 

The  Air  Force  also  is  considering  proposals  to  develop  a 
STOL  demonstrator  engine.  This  program  v/ill  result  in  the  design, 
fabrication  and  test  of  a  demonstrator  engine  in  the  20,000  to  25,000 
pound  thrust  range  with  a  bypass  ratio  in  the  range  of  4  to  8:1, 
a  thrust- to -weight  ratio  of  7:1,  and  specific  fuel  consumption  equiv¬ 
alent  to  the  TF-39  and  JT-9D  engines.  Engine  testing  could  begin  in 
1974,  with  testing  (100  to  150  hours  on  the  demonstrator  engine) 
completed  in  1975. 

The  STOL  demonstrator  engine  would  be  capable  of  being 
adapted  to  high  lift  devices  such  as  externally  blown  flaps.  The 
engine  would  consider  FAR-36  noise  criteria,  have  no  visible  smoke, 
and  have  lower  pollutant  emissions  (carbon  monoxide,  unbumed 
hydrocarbons,  and  oxides  of  nitrogen)  than  current  turbofans.  This 
demonstrator  engine  could  provide  the  basis  for  a  commercial  Medium 
STOL  Transport  engine  development. 

Upon  completion  of  the  STOL  demonstrator  engine  test, 
follow-on  activity  would  include  the  conduct  of  a  Prototype  Prelim¬ 
inary  Flight  Rate  Test  (PFRT)  by  waiving  all  non-essential  speci¬ 
fication  test  requirements  until  Military  Qualification  Test  (MQT) . 
Upon  completion  of  the  prototype  PFRT,  the  engine  would  be  acceptable 
as  a  prime  propulsion  system  on  experimental  aircraft.  It  is  estimated 
that  1500  to  1900  hours  of  engine  testing  and  approximately  12  to 
20  months  would  be  required  to  complete  the  PFRT.  Following 
completion  of  the  prototype  PFRT,  a  formal  MQT  could  be  undertaken. 

The  MQT  would  involve  an  additional  3,000  to  6,000  hours  of  engine 
testing  and  approximately  22  to  24  months  to  complete. 

•  Avionics 


The  future  airborne  avionics  for  short-haul  transpor¬ 
tation  system  aircraft  will  be  largely  dependent  upon  results  of 
development  programs  currently  underway  within  the  DoD  and  other  Gov¬ 
ernment  agencies.  Though  the  avionics  being  utilized  in  these 
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development  programs  may  not  be  directly  utilized,  the  knowledge  and 
experience  gained  should  provide  a  high  degree  of  confidence  for 
adapting  the  test  avionics  to  production  configuration. 

#  Surnmary 

The  knototedge  and  AesutU  gained  iAom  nUiitaAy  deveiop- 
ment  pnogAom  new)  undeA  cok  ^^idoP^uXion  coutd  6igniiicaifvtty  Adduce  the 
amount  oi  advanced  and  pAototype  devetxypnent  necutoAy  to  develop 
and  ceAtiiy  a  cotmeAcial  IkedAim  STOL  TAanspoAt  foA  the  6hoAt-haul 
tAariApontation  6y6tem.  The  design  cAiteAia  Ae&ulting  ^Aom  the 
mUitoAy  AMST  pAototype  pAogAim,  and  the  hoAdmAe,  manuiactuAing 
technology,  tooting,  and  tcMt  Ae&utU  that  voould  be  gained  ^Aom  both 
the  AMST  pAototype  and  the  KiA  foAce  STOL  demonitAotoA  engine  can¬ 
not  be  specifically  identified  at  this  time.  HotoeveA,  the  Aesults 
could  pAovide  a  data  base  and  veAy  pAobably  some  diAect  tAansfeAS 
that  Mould  be  applicable  to  the  development  and  pAoduction  of  any 
futuAe  comeAcial  Medixtm  STOL  TAonspoAt. 

ADVANCED  SUPERS(?N  X  TRANSPORT 

Growth  in  civil  air  transportation  has  been  provided  by  new 
air  vehicles  incorporating  new  technology.  Utilization  of  new 
technology  has  resulted  in  productivity  increases  through  the 
combined  effect  of  increases  in  aircraft  size  and  speed.  (Oith  the 
pAojected  gAouth  of  inteAnational  tAavel  in  the  19SCs,  a  need  could 
exist  foA  a  new  oiAplane  which  would  pAovide  an  incAease  in  pAoduc- 
tivity  foA  the  19S0s  thAOugh  an  incAease  in  speed  -  an  advanced 
supeA6onic  tAanspoAt, 

O  Configuration 

Previous  economic  studies  have  shown  that  a  new  air 
vehicle  of  comparable  weight  to  the  Boeing  747,  but  capable  of 
cruising  at  Mach  2.7,  could  provide  twice  the  productivity  of  the 
747.  Based  on  available  design  and  engineering  data,  the  RADCAP 
Study  Team  postulates  that  an  Advanced  Supersonic  Transport  (ASST) 
that  would  provide  desired  productivity  increases  by  1985  could 
have  the  following  general  size,  design,  and  performance  charac¬ 
teristics. 
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PASSENGERS 


2S0  •  300 


GROSS  WEIGHT  Over  500,000  pounds 

ENGINE  THRUST  60,000  to  70,000  pounds 

MACH  NUMBER  2.5  -  3.5 

RANGE  4,000  -  5,000  nautical  miles 

SONIC  BOOM  OVERPRESSURE  2.0  psi  or  less 

RUNWAY  LENGTH  REQUIREMENT  12,300  feet  or  less 

MATERIALS  Titanium  and  Composites 

IN-SERVICE  DATE  1985 

AIRFRAME  SERVICE  LIFE  40,000  -  60,000  hours 

NOISE  Satisfy  FAR- 36  Noise  Standards 

and  EPA  Environmental  Require¬ 
ments 


To  meet  a  projected  in-service  date  of  1985,  a  configuration 
design  freeze  date  would  have  to  occur  by  1980,  and  required  advance¬ 
ments  would  have  to  be  incorporated  by  the  freeze  date.  Improvements 
will  be  necessary  in  aerodynamics,  structures,  noise  and  air  pollution 
reduction,  engine  characteristics,  and  materials;  and  incorporation 
of  sound,  practical,  and  demonstrated  advances  will  be  needed  to  attain 
a  payload-to-design  gross  weight  ratio  greater  than  8  percent,  thereby 
making  it  economically  viable.  Figure  2  reflects  a  possible  program 
schedule  for  the  development  of  an  ASST. 
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Figure  2  -  A  Postulated  ASST  Development  Schedule 

•  Structures  and  Material. s 

The  following  areas  of  military  sponsored  technology 
should  provide  a  foundation  for  significant  technological  improve¬ 
ments  foi  a  supersonic  transport: 

Advanced  Composites 

Advanced  Metallic  Structures 

Controlled  Configured  Vehicles 

Airframe/Propulsion  System  Integration 
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Improved  Titanium  Manufacturing  Techniques 
Microelectronics 

The  B-1  is  one  of  the  military  aircraft  developments  that 
has  relevancy  to  a  future  long-haul  commercial  supersonic  transport. 
The  B-1  blended  wing/body  configuration  concepts  will  provide 
further  knowledge  on  high  speed  configuration  design.  The  fluoro- 
silicone  fuel  tank  sealant  was  considered  as  a  sealant  for  the 
terminated  prototype  SST  and  is  now  being  used  on  the  B-1.  This  basic 
sealant  material  could  be  used  and  valuable  experience  obtained  in 
providing  initial  application  until  better  materials  concepts  are 
developed. 


I  One  of  the  military  programs  that  will  provide  great 

I  benefit  to  a  future  ASST  is  the  Advanced  Composites  Program.  Sig- 

I  nificant  weight  advantages  can  be  attained  provided  reliable  polymer 

I  and  metal  matrix  composites  are  established  for  the  higher  temperature 

I  requirements  of  the  ASST,  llie  design,  manufacturing,  and  operational 

I  '  use  of  advanced  composites  must  be  continued  in  order  to  provide  the 

I  confidence  and  know  how  for  the  designers  to  build  efficient  long 

I  life  structures.  Experience  is  being  gained  'n  the  application  of 

I  -  composites  through  military  programs. 

I  The  use  of  boron  advanced  composite  materials  laminated 

I  on  longerons  of  the  B-1  will  provide  a  vehicle  on  which  this  structural 

I  design  approach  will  be  tested.  This  method  provides  a  primary 

I  structural  application  of  the  material  and  could  be  used  on  the  ASST 

!for  weight  saving.  Sonic  fatigue  design  and  experience  will  also  be 
useful  to  a  future  ASST. 


Even  though  the  B-1  operating  temperatures  are  lower  than 
required  for  an  ASST,  they  are  higher  than  those  for  large  airplanes 
presently  operating;  therefore,  design,  test  and  operational  experi¬ 
ence  at  these  temperatures  will  be  useful  to  an  ASST.  Since  titanium 
will  be  used  in  critical  areas  of  the  B-1  structure,  this  vehicle 
will  provide  a  source  of  continuing  advancement  in  the  titanium 
production,  design  information,  manufacturing  methods  refinement, 
and  joining  techniques. 

The  first  application  of  a  4,000  psi  hydraulic  system  was 
incorporated  in  the  North  American  XB-70  aircraft.  Satisfactory 
operation  of  this  type  system  was  demonstrated.  The  use  of  a  4,000 
psi  titanium  hydraulic  system  was  planned  for  the  terminated  prototype 
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SST,  tnd  is  being  used  on  the  B-1.  Experience  obtained  on  the  XB-70 
and  B-1  will  be  valuable  for  a  future  ASST. 

Structural  mode  control  was  planned  for  the  prototype 
SST.  This  concept  generated  from  the  military  program  to  improve 
the  structural  life  of  the  B-52.  The  program  was  initiated  to 
improve  elastic  mode  control  and  rigid  body  control.  From  this  pro¬ 
gram  the  Load  Alleviation  Mode  Stabilization  (LAHS)  was  initiated. 

This  mode  control  also  provides  some  load  alleviation  and  will  assist 
in  reducing  structural  weight. 

•  Propulsion 

A  supersonic  transport  engine  tends  to  be  unique  in  that 
it  has  to  accept  widely  varying  inlet  conditions  and,  therefore,  must 
be  carefully  tailored  to  the  aircraft  system.  Engine/inlet  compati¬ 
bility  is  a  very  important  factor  to  insure  engine  stability  and  good 
performance  over  the  complete  flight  envelope  and  provide  margins 
for  inlet  and  engine  transients. 

The  cruise  performance  is  extremely  sensitive  to  exhaust 
nozzle  installation  designs.  Careful  integration  of  the  airframe 
afterbody  and  nozzle  is  extremely  important  to  achieve  minimum 
drag  and  reduce  thrust  losses.  The  noise  requirements  may  cause  two 
approaches:  one  would  be  to  limit  the  exhaust  velocity  to  the  desired 
noise  level.  This  approach  will  cause  extremely  large  engines  which 
will  be  sized  for  take  off  and  cause  some  range  loss  because  they 
are  oversized  for  cruise  conditions.  The  other  would  be  to  install 
noise  suppressors  in  the  exhaust  system  which  will  cause  some  de¬ 
gradation  in  the  nozzle  perfoimance.  The  continuing  DoD-sponsored 
IR^D  propulsion  program  and  the  Air  Force  Advance  Turbine  Engine 
Gas  Generator  (ATEGG)  Project  should  provide  the  components  for 
.engine  cores  required  in  supersonic  flight  propulsion. 

•  Summary 

The  tzchnoiogy  txuc  boXng  gznvuUojd  bu  nuJUXoAy  ae/io- 
muJUaxl  RSV,  a&  mJU  (U  the  bzneiJUU  that  should  dzAtve 

iKom  the  8-1  and  otheji  nuJUtaxy  development  pKog%cm,  should  be 
veKy  ixAeiuJi  to  the  development  of  any  advanced  6upen>sorUc  t/tanApont 
aificAjait,  The  application  oi  technology  through  development, 
testing  and  iJumdatlon  iacJUUtleo  ^hoidd  be  modenate,  but  dlxeot 
hoAdmfie  tmntie/L  pnobably  loould  be  loio.  Aa  In  the  Kecent  poAt, 
the  mjoK  pontlon  the  dlAect  hoAdawie  tnanAien  pfiobably  toould 
occuA  In  the  pnrpulolon  i^y^tem. 
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The.  nuLLtoAy  tedmotogy  and  ha/uimAz  de.veZoped  ion.  the.  po6t- 
WonJtd  bkin.  II  6mpt  uiing  jet  poyaeAed  aiAtuiait  pwoJjded  the.  baiJU  ion. 
and  meani  by  vAuck  the  iAA6t  coamenxuat  ^ub6oitLC  jet  tnofupontd  weAe 
developed  and  pnoduced.  These  aircraft,  represented  by  the  Boeing 
707  and  Douglas  DC-8,  gained  immeasurably  from  the  B-47  swept-wing 
technology,  the  Pratt  8  Whitney  J-57  engine,  military  avionics 
subsystems,  and  other  military  development  programs. 

A  Aejduction  tn  loAge  miJUtaAy  cUncnait  development  beginning 
in  the  nUd’’19506  diminished  the  tnansien.  oi  handuxuie  to  clvA  aJui- 
cnait.  The  aircraft  industry  maintained  its  aeronautical  technology 
base  from  other  military  advanced  development  efforts,  independent 
research  and  development,  and  Government  laboratory  R8D  programs. 

Fnom  the  genenal  design  point  oi  view,  the  development  oi  the 
lange  "wide  body"  jet  tnansponts  AequiAed  no  majoA  new  technology 
otheA  than  the  lange  high-bypass-natio  tuAboian  engine.  A  cloneA 
hcAutlny  oi  the  design  aspeot^  oi  modeAn  jet  tnansponts,  howeven, 
Aeveals  that  the  alniname,  pno pulsion,  handling  qualities,  and 
avionles  have  incoAponated  sevenal  new  ieatuAes.  Many  of  these 
design  features,  such  as  improved  airfoil  sections,  titanium 
structures,  augmented  flight  control,  and  inertial  navigation,  were 
derived  largely  from  Government  and  military  R8D. 

The  neeent  initiation  oi  VoV  pnototypes,  togetheA  with  majoA 
advancements  in  RSV,  will  demonstnate  the  ieasibiJUty  and  openational 
peAionxnance  oi  new  concepts.  These  activities  could  pnovide  much 
oi  the  design  data  and  expenlence  applicable  to  the  development  oi 
new  comeAcual  ainxiAait  such  as  the  Medium  STOL  Tnanspont. 

The  tAend  in  the  tnansien  oi  handwaAe  and  development 
expenlence  inom  the  militoAy  to  lange  long-haul  commenjcial  alACAait 
development  has  been  downward.  The  future  is  uncertain,  even 
though  much  fundamental  work  in  technology  is  underway.  Should  an 
improved  subsonic  commercial  airliner  be  desired,  the  transfer 
could  be  significant.  However,  should  an  operational  Advanced  Super¬ 
sonic  Transport  be  desired,  particularly  by  the  mid-1980s,  develop¬ 
ment  effort  would  have  to  be  expanded  and  accelerated. 

Tables  10  and  11,  together  with  Figure  3,  reflect  RADCAP’s 
assessments  of  the  trends  in  benefits  accruing  to  civil  transport 
aviation  from  the  military  "development  and  production"  base.  The 
ratings  are  high,  moderate,  and  low  as  described  in  the  preceding 
section.  Hene  it  Is  emphasized  that  the  pnevious  section  AeieAAed 


to  "^e6ea/icfi  and  technology”  t/uin^ieA,  vdeuZc  tkU  section  and  the 
a66e66mcntA  of  Tables  10  and  11  and  Ta^uac  3  AcfeA  to  ”haAjchxvLc” 
tAAnAfcA  -  to  the  benefttii  fAom  the  mJUUtoAy  development  and 
pAodiictlon  ba&e. 

In  general,  and  assuming  the  1955  period,  when  direct  transfer 
of  hardware  was  high,  as  the  basic  time  frame  from  which  the  trends 
are  measured,  it  can  be  ^een  that  dUiejct  t/wmfeA  of  hoAdmAe  fAom 
the  mlUtoAij  development  and  pAoduetton  ba&e  has  been  on  a  dom~ 

MOAd  tAend  -  fAom  ;Che  dUAect  tAansfeA  of  hoAdmAe  tn  the  1955  eAa 
to  the  ”btt  and  piece”  tAansfeA  of  today. 

Table  10  shows  that  in  the  1955  and  before  time  period,  by 
the  Boeing  377  example,  that  direct  transfer  was  high  in  all  areas  - 
the  air  vehicle,  propulsion  and  avionics.  Then,  from  the  707  of 
1958  to  the  DC-10  of  today,  the  direct  transfer  process  has  declined, 
and  overall  assessments  reflect  a  downward  trend.  This  applies  to 
everything  except  the  basic  engine,  where  the  transfer  rating  remains 
high,  and  where  military  research  and  development  has  been  funda¬ 
mental  to  all  advancements. 


Table  10 

Development  Relevancy/ Civil  Transport  Aviation 
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Table  11  assesses  the  probable  transfer  of  hardware  to 
possible  future  commercial  airliner  developments.  In  the  Medium 
STOL  Transport  development «  the  transfer  process  could  be  high  - 
almost  on  a  par  with  the  decade  of  the  Fifties.  This  assumes,  of 
course,  the  continuation  of  the  current  military  programs  in  STOL 
and  VTOL  research  and  development.  In  the  Advanced  Supersonic  Trans 
port  development,  however,  the  assessment  is  that  direct  hardware 
transfer  possibilities  will  remain  low,  even  though  the  benefits 
from  military  technology  could  be  high.  Thus,  the  trend  -  from  the 
1955  era  base  -  remains  downward. 


Table  11 

Development  Relevancy/Civil  Transport  Aviation 
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Figure  3  is  the  Study  Team's  overall  trend  assessment  on  the 
hardware,  or  development  base,  transfer  curve.  The  spread  in  the 
curve  for  the  future  reflects  the  upward  trend  possibilities  in 
Medium  STOL  Transport  hardware  transfer  relevancy,  as  well  as  the 
leveling  or  slightly  downward  trend  possibilities  still  probable 
in  the  long-haul  transportation  area.  (iJhat  acXuaJUy  occuAM,  oi 
cootsc,  wUJi  depeiid  in  a  Ioax^q.  mz/uuAz  to  tht  ^ucces^  and  jpkogAUi 
oi  miiXtoAy  RSV  pAogAjom^  nouf  in  beXng,  OA  pAopo6ed,  and  to  the  new 
comeAcial  cUAJUneA  pAogAcm  that  might  be  6taAted. 
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SECTION  VI 


AERONAUTICAL  R  §  D  FUNDING 


This  section  briefly  discusses  some  of  the  major  funding 
levels  and  cost  trends  in  aeronautical  R^D.  An  examination  of 
these  levels  and  trends  should  help  to  provide  an  understanding 
of  the  emphasis  that  has  been  and  is  being  placed  on  aeronautical 
R§D  by  the  various  segments  of  the  aviation  community. 

The  R§D  dollars  reflected  herein  include  basic  and  applied 
research  funds  (referred  to  herein  as  research  and  technology)  and 
development  funds,  including  estimates  for  the  construction  of  RSD 
facilities,  military  and  civilian  salaries,  other  support  costs, 
and  prototype  aircraft  development  costs,  including  the  construc¬ 
tion  of  full-scale  test  hardware  and  complete  aircraft,  and  their 
test  programs .  ^ 

As  used  in  this  section,  "Federal  defense"  funds  include  those 
of  the  Army,  Navy,  Air  Force,  Advanced  Research  Projects  Agency 
(ARPA),  the  Aircraft  Nuclear  Propulsion  (ANP)  Program  of  the  Atomic 
Energy  Commission  (AEC),  and  the  R§D  funds  reimbursed  by  the 
Government  to  industry  as  allowable  overhead  charges  on  procurement 
contracts.  "Federal  non-defense"  funds  include  those  of  the 
National  Aeronautics  and  Space  Administration  (NASA)  and  Federal 
Aviation  Administration  (FAA).  "Industry"  funds  include  non¬ 
reimbursed  industry  independent  research  and  development  (IR§D)  and 
specific  development  (SD)  funds,  as  well  as  those  funds  provided  by 
universities  and  foundations. 

The  primary  source  for  the  fiscal  year  funding  data  used  in 
the  RADCAP  Study  was  the  Joint  DoT-NASA  Civil  Aviation  R§D  (CARD) 
Policy  Study,  February  1971,  as  updated  by  Booz,  Allen  Applied 
Research,  Inc.,  in  January  and  February  1972  for  inclusion  in  this 
report.  The  funding  data  reported  in  the  CARD  Study  as  Federal 
defense  funds  were  obtained  from  the  "Project  List"  of  the  Five 
Year  Defense  Plan  (FYDP),  excluding  such  aircraft  projects  as  bomb- 
sights,  fire  control  systems  and  antisubmarine  warfare  equipment, 
and  including  such  missile  or  space  projects  as  Snark,  Quail, 

Regulus  and  Dyna  Soar.  The  CARD  Study  sources  for  Federal  non¬ 
defense  funds  were  budget  documents  available  for  those  organiza¬ 
tions  dating  back  through  1945.  The  CARD  Study  sources  for 
industry  funds  were  discussions  with  various  military  and  commercial 
aircraft,  helicopter  and  engine  manufacturers,  and  a  review  of 
Congressional  records.  Other  funding  and  cost  data  contained  in 
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this  report  were  obtained  from  the  files  of  various  Federal 
agencies  participating  in  this  study «  a  general  literature  search, 
and  discussions  with  several  Government  and  industry  representa¬ 
tives. 


AERONAUTICAL  RSD  FUNDING  BY  SOURCE 


The  long  tern  tKend  In  total  U.S.  aeAonautlcal  HSV  zxpendi- 
ttVLU  it  upocikd.  The  long  tern  tA.end  jU  ojUo  ufMcuid  ioK  all  thiee 
^ementA  o^  the  totali  IrzdeAol  defense,  TedeAol  non-defense,  and 
industxy.  Unless  the/ie  Is  a  complete  KeveAsal  in  national  amf- 
nauticjal  goals,  the  genenal  incAease  in  the  number  of  doUoAS 
avaitable  foA,  aeronautical  RSV  i6  expected  to  continue,  although 
occasional  annual  decreases  might  occur. 

Figure  4  shows  how  the  DoD  aeronautical  RID  funding  has 
increased  over  the  years,  with  rather  sharp  rises  from  1950  to  1954 
and  from  1969  to  1973,  and  a  significant  rise  from  1960  to  1969. 
During  the  past  decade  and  into  the  early  Seventies  (from  1960  to 
1973],  Federal  defense  funding  increased  by  approximately  77 
percent,  from  $1,578  billion  to  $2,793  billion.  The  latter  figure 
is  also  77  percent  of  the  total  FY-1973  anticipated  expenditures 
for  aeronautical  RID.  Thus,  in  interpreting  funding  trends  for 
aeronautical  RIP  as  a  measure  of  the  quality  and  quantity  of  the 
contributions  made  to  aeronautical  technology,  it  can  be  forecast 
that  VoV  contributions  to  aeronautical  RIP  (Ml  continue  to  be 
substantial  in  the  future. 

During  the  same  time  period.  Federal  non-defense  funding  for 
aeronautical  RID  increased  by  approximately  445  percent,  from  $80 
million  in  1960  to  $436  million  in  1973.  Within  this  funding 
category,  NASA's  aeronautical  RID  funding  increased  by  approxi¬ 
mately  822  percent,  from  $32  million  to  $295  million.  Thus,  these 
trends  and  increases  also  should  assure  that  substantial  contri¬ 
butions  to  aeronautical  RIP  uUll  continue  to  be  made  by  federal 
non-defense  agencies  in  the  future. 

Industry  funds  expended  for  aeronautical  R|D  have  increased 
only  22  percent  since  1960,  from  $329  million  in  1960  to  $402 
million  in  1973,  less  than  the  Federal  non-defense  total,  after 
reaching  a  high  of  $673  million  in  1968.  Prom  1968  to  1973,  a 
period  of  only  five  years,  these  industry  non-reimbursed  funds  for 
aeronautical  RID  have  decreased  by  40  percent.  In  addition,  the 
IR|D  funds  reimbursed  by  the  Government  to  industry  as  allowable 
overhead  charges  on  procurement  contracts,  included  as  part  of  the 
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Federal  defense  funds  discussed  above,  decreased  from  $481  million 
in  1968  to  $273  million  in  1973,  a  43  percent  decrease  in  five  years. 
Bcued  on  indtut/iy  funcUng  l2.veJi6  and  cuAAmt  lndu/>tKy  funcUng  XAemU, 
it  appeoA^  that  indiKit/Ly  uxiti  contJUUUt  toMt  in  the,  iutivic  than  it 
hat  in  the,  past  to  aeAonautizai  technological  advances. 


FISCAL  YEAR 


Figure  4 


Economic  escalation  has  had  a  noticeable  effect  on  the 
purchasing  power  of  aeronautical  R^D  funds,  as  reflected  by  com¬ 
paring  Figure  5  with  Figure  4.  Measuring  from  1954  (the  high  point 
after  the  rapid  build  up  which  began  in  the  late  Forties)  to  the 
estimated  expenditures  for  1973,  the  tnend  it  Still  incAeating  ^OA 
all  funding  souAcet  even  uuth  economic  escalation  contideAed.  The 
downward  trend  from  1954  to  1962  has  been  reversed  during  the  past 
ten  years  to  where  the  increasing  trends  are  very  noticeable, 


Sources  of  Aeronautical  R^D  Funds  (Then  Year  Dollars) 


especially  since  1969.  These  trends  indicate  that  the  total  aero¬ 
nautical  R§D  community  and  each  of  its  elements  have  been  provided 
with  both  increasing  funds  and  increasing  purchasing  power  over  the 
years.  Since  1968,  however,  the  industry  element  has  shown  a 
noticeable  decrease. 


I  Figure  5  -  Sources  of  Aeronautical  R^D  Funds  (1973  Dollars) 

I 

f  GOVERNMENT  AERONAUTICAL  RGD  FUNDING  BY  TYPE  OF  R8D 


I  Figure  6  shows  the  Government  aeronautical  R^D  funds  divided 

(into  research  and  technology  and  development  funds.  After  the 

sharp  increase  in  the  early  Fifties,  these  funds  remained  rather 
I  stable  until  1969,  when  another  upward  trend  began.  The  largest 

I  portion  of  the  R^D  funds  reflected  on  this  chart  is,  of  course, 

I  for  the  development  of  prototype  and  test  aircraft.  Vigu/ie,  6 

I  kLghLiQkt&  the,  p^opo^ttonate,  6haAe  that  the.  Vtdeti^  de,izn6e, 

I  ogenc^cA  contAtbute,  to  both  tJie.  RST  and  de,oelopme.nt  oAea^,  It 

I  bottom,  then^  that  moAe.  t^dmoloQij  advancej!r\e,nti>  logically  can  be 

I  expected  i^om  the  milita/iy  6pon6oA,ed  pAog*tam^.  Aa  ^hom  eoAlieti, 

I  thi6  ha6  occuAAed. 
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It  is  believed  that  funds  expended  for  research  and  tech¬ 
nology  is  one  measure  of  future  benefits  to  be  derived  in  aero¬ 
nautics.  Research  leads  to  advancements  in  any  discipline,  and 
aeronautical  research  accomplishments  lead  to  hardware  develop¬ 
ment  10  to  15  years  after  research  is  completed.  Tfce  avauUtabit- 
ity  oi  Kt&ecuick  and  technology  iand6  Ahom  an  inc/LejOAing  thZYid 
0\JQA  ike  ycoJU.  Federal  defense's  proportionate  share  of  the 
total  aeronautical  research  !uid  technology  funds  increased  from 
56.2  percent  in  1%8  to  65.6  percent  in  1973  and  Federal  non¬ 
defense  increased  from  5.9  percent  in  1968  to  11.4  percent  in 
1973.  Although  not  shown  in  this  figure,  industry's  proportion¬ 
ate  share  of  the  total  aeronautical  research  and  technology  funds 
decreased  from  37.9  percent  in  1968  to  23.0  percent  in  1973. 

Based  on  these  later  trends  in  research  and  technology  funding,  it 
appears  that  the  Federal  agencies  will  provide  proportionately  more 
of  the  significant  contributions  to  advancements  in  aeronautics  in 
the  future. 


EconorrUc  o^calcuUon  hoA  had  ^>ommhat  OjJ  a  i^ve>Ung  ei5iice>t  on 
GoveAmejtC  aeAonautical  RSV,  06  6hom  in  fiQuAz  7,  ottkough  6tigiMy 
UffJOOAd  t/LZncU  o/te  VAJ6ible,  6inc.e,  1954,  Increasing  trends  are  more 
pronounced  during  the  last  five  years  in  ’’development"  funds  for 
both  Federal  defense  and  Federal  non-defense,  and  in  "research  and 
technology"  funds  for  Federal  non-defense.  Federal  defense  aero¬ 
nautical  "research  and  technology"  funds,  however,  have  experienced 
a  slightly  decreasing  trend  during  the  five  year  period  from  1968 
to  1973  due  to  economic  escalation,  dropping  from  $671  million  in 
1968  to  $630  million  in  1973.  Thus,  the  purchasing  power  of  dollars 
available  for  "research  and  technology,"  believed  by  many  to  be  the 
basis  for  the  future  of  aeronautics,  has  remained  almost  unchanged, 
while  that  available  for  "development"  has  slightly  increased. 


Figure  7  -  Government  Aeronautical  R6D  Funding  (1973  Dollars) 
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AERONAUTICAL  R£D  FUNDING  AS  A  PERCENTAGE  OF  THE  GROSS 
NATIONAL  PRODUCT  CGNP) 


The  Gross  National  Product  (GNP)  also  has  increased  each  year 
since  1945,  except  for  the  two  decreases  experienced  in  1946  and 
1949.  A  ucAf/  ^igifuH^aint  ob6e/tvatcon,  homveA,  that  tkt  asjouit- 
atUZtty  oi  azAonoLutijCjal  R6V  funds,  taken  cu  a  peAcentage  of  the  eucA- 
tncAecutng  GHP,  has  suffered  a  severe  KeveMol  In  the  ^o^eA  apuicuid 
tAend.  Since  1954,  aeronautical  R6D  funds  have  been  a  sharply 
declining  portion  of  the  total  GNP,  as  shown  in  Figure  8.  President 
Nixon  told  Congress,  in  his  January  1972  S^:ate  of  the  Union  message, 
that  military  expenses  for  fiscal  year  1973  will  amount  to  only  6.4 
percent  of  the  GNP,  down  from  9.5  percent  in  1968.  This  percentage 
decrease  will  very  likely  carry  over  into  military  R8D  and  probably 
into  aeronautical  R^D,  and  thus  continue  the  present  downward  trend 
of  aeronautical  R8D  as  a  percentage  of  the  GNP. 


1990  1955  m  1965 

FISCAL  YEAR 


Figure  8  -  Sources  of  Aeronautical  RSD  Funds  (Percent  of  GNP] 
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AIRCRAFT  DEVELOPMENT  AND  UNIT  COSTS 


Jht  co6t  of  dzveJtoping  cuAcAaft  hat  Alton  dAomatiCjollif  mXh 
tko,  advent  of  incAejotinQly  mo/te  productive,,  complex  modoAn  aircAaft. 

Kt  thorn  in  figure  9,  the  trend  for  commercial  and  mUitary  tranA- 
portt  tt  tteejfiy  apmrd,  Mto,  figure  10  thciM  a  rapidly  increating 
trend  in  the  cott  of  developing  military  fighteA  aircraft.  In 
relatively  recent  times,  it  appears  that  aircraft  development  costs 
are  about  the  same  -  whether  it  is  a  transport  or  a  fighter.  Around 
1955  to  1960  it  cost  about  $100-300  million  to  develop  a  transport 
or  a  fighter,  and  in  the  early  Seventies  it  cost  about  $1-2  billion. 

It  could  be  expected  that  the  trends  in  development  costs  would 
differ  between  the  two  types  of  aircraft,  and  they  do,  but  only 
slightly.  Computing  a  trend  line  for  only  those  transports  developed 
since  1955,  however,  results  in  a  trend  very  similar  to  the  fighter 
aircraft  development  cost  trend,  being  slightly  lower  but  almost 
parallel  to  the  fighter  trend  line.  In  addition  to  development  costs 
for  transports  and  fighters  being  approximately  equal,  it  appears 
that  their  rates  of  incre  -  are  approximately  the  same.  Tmit,  large, 
complex  airframet  are  nearly  tynonymoat  with  dei'ute,  high  performance, 
complex  airframet  intofrA  cut  development  cottt  are  concerned. 
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Figure  11  shows,  also  in  a  dramatic  way,  hrv  the  unit  price 
of  ciVil  airliners  have  increased  over  the  years.  Unit  production 
price  increases  are  due  partially  to  the  increased  development  costs 
just  discussed  that  must  be  prorated  to  the  unit  sales  that  are  made. 
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Figure  11  -  Civil  Airliner  Aircraft  Unit  Price 


COMPARATIVE  TRENDS 


Figure  12  provides  a  comparison  of  some  of  the  most  impor¬ 
tant  cost  and  funding  trends  that  apply  to  aeronautical  research 
and  development.  In  comparison  with  the  rise  in  the  Gross  National 
Product «  the  cost  of  new  aircraft  development  and  aircraft  unit 
prices  are  climbing  more  rapidly »  while  the  funds  available  for 
Federal  defense  aeronautical  R^D  are  rising  more  slowly.  TfiU 
^nfoJunatcon  would  incUcate,  that  majoA,  new  cuJLCJUL^t  pfUfgfuvM  wWL 
etiheK  decAcoae  in  numben  ok  change  AignUicantty  in  natuKe,  unlc&6 
aotie  of  the  tnendA  one  oJUeAed  ok  KcveKsed.  feweK  pKcgKom  6taKtA 
could  KeAult  in  a  significant  slowdown  in  the  numbeA  of  technolog¬ 
ical  advancements  r.iade  in  aeKonautics, 
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Figure  12  -  Summary  Comparative  Trends 
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AIRCRAFT  DEVELOPMENT  STARTS 


Related  tc  the  gencAol  funding  pictuAe  In  aVLCJux.it  devcZop- 
ment  ojie  the  pAoceduA.e&  vuted  in  development  and  acqutiitlon.  Viviing 
the  1940^  and  19504,  pAototyping  anew  the  ttandoJid  pAoceduAe  ioA 
developing  and  testing  oiAcAait  beioAe  pAoduction  oAdeJU  weAe 
placed*  In  the  first  jet  bomber  competition,  for  example,  four 
companies  responded  to  an  invitation  to  bid  on  a  jet  powered 
bomber  capable  of  a  speed  of  500  MPH,  a  service  ceiling  of  40,000 
feet,  and  a  combat  radius  of  1,000  miles.  Four  companies  responded, 
and  all  were  accepted.  These  were  the  North  American  XB-45,  Consol¬ 
idated  XB-46,  Boeing  XB-47,  and  Martin  XB-48.  Two  of  these  -  the 
B-45  and  B-47  -  were  accepted  for  production. 

Similarly,  three  prototypes  were  involved  in  a  penetration 
fighter  competition  that  was  conducted  in  1950.  These  were  thr 
McDonnell  XF-88,  the  Lockheed  XF-90,  and  North  American  YF-93. 
However,  the  outbreak  of  the  Korean  War  diverted  attention  and 
funds  to  other  types  that  were  more  suitable  for  quick  production, 
and  none  of  these  prototype  fighters  was  produced.  The  XF-88, 
though,  became  the  basis  for  the  F-101  ordered  two  years  later. 

U4e  oi  the  pAototyping  appAoach  began  to  decline  in  the  19506, 
and  in  the  19606  vcAy  iejM  pAognam  weAe  accomptUhed  in  thu  manneA* 
itiith  the  implementation  of  the  "ily-beioAe-buy'^  concept  in  the  ta6t 
iew  yeaA6,  homveji,  advanced  pxototyping  ha6  been  Ae~initiated  06 
a  method  oi  doing  bu6ine66*  The  number  of  new  military  aircraft 
starts  of  all  kinds,  including  experimental  vehicles,  has  declined 
rapidly  in  the  two  decades  -  from  an  average  of  about  15  a  year 
in  the  early  50s,  to  about  6  a  year  in  the  early  60s,  and  to  about 
3  a  year  in  the  early  70s.  What  will  occur  in  the  future  is  un¬ 
certain,  and  undoubtedly  will  depend  very  much  on  the  military  threat 
that  develops. 

Figures  13  and  14  illustrate  the  significant  downward  trend 
in  the  number  of  new  aircraft  starts  that  has  been  occurring.  Figure 
13  shows  the  number  of  large  aircraft,  those  in  th?  100,000  pound 
and  over  category,  that  have  been  developed  by  the  military  in  the 
Fifties  and  Sixties,  as  well  as  those  known  that  should  first  fly 
in  the  Seventies,  Figure  14  shows  the  same  information  on  aircraft 
in  the  25,000  to  100,000  pound  category.  Manf/  ob5eAvation6  on  the 
impact  of  thid  tAend  could  be  made,  but  one  meteage  i6  cleoA  -  the 
numbeA  ol  new  militoAy  oiAcJiait  pAogAom  6taAt6  ha6  been  6haAply 
declining* 
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AERONAUTICAL  R&D  FUNDING  SUMMARY 
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The  following  summary  observations  on  aeronautical  R§D  funding 
and  the  trends  associated  therewith  are  derived  from  the  data  of 
the  preceding  discussion. 

•  The  long  term  trend  in  the  availability  of  funds  for 
aeronautical  R^D  has  been  upward.  This  applies  to  all  elements  of 
the  total  -  Federal  defense.  Federal  non-defense,  and  industry. 

•  In  terms  of  constant  dollars  (FY  1973),  the  trend  is  still 
upward  over  the  years,  though  only  slightly  for  all  elements  of  the 
total.  However,  during  the  past  five  years,  the  industry  element 
is  experiencing  a  downward  trend. 

•  In  recent  years,  trends  in  the  availability  of  industry 
funds  for  both  research  and  development,  and  Federal  defense  funds 
for  research,  have  been  downward  -  in  contrast  to  the  overall  up¬ 
ward  trends. 

•  Development  costs  of  new  aircraft  have  been  rising  very 
rapidly  -  at  a  rate  much  greater  than  trends  in  the  availability 
of  R§D  dollars. 

€>  The  rate  of  increase  in  development  costs  is  much  higher, 
and  the  rate  of  increase  in  the  availability  of  aeronautical  R§D 
dollars  is  much  lower,  than  the  rate  of  increase  in  the  Gross 
National  Product. 

•  Trends  in  development  costs  and  aeronautical  R5D  funding 
availability,  as  well  as  in  new  aircraft  program  starts,  indicate 
that  the  number  of  new  aircraft  programs  in  the  future  will  con¬ 
tinue  to  decline,  unless  something  very  significant  occurs  in  the 
cost  and  nature  of  aircraft  development,  or  in  an  increased  allo¬ 
cation  of  funds  for  these  efforts. 
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SECTION  V!I 

STUDY  OBSERVATIONS  AND  FINDINGS 


OBSERVATIONS 


A  number  of  significant  factors  now  are  influencing  the  rele¬ 
vancy  of  military  R^D  to  the  R§D  needs  of  civil  transport  aviation. 
These  factors  also  are  influencing  aviation  progress  and  the  technol¬ 
ogical  advances  in  aviation  that  will  occur  in  the  future.  These 
points  have  been  recorded  as  observations  of  the  Study  Team. 

•  VJUiMt,  avjuUijon  koi6  dtveJLopzd  in  the  United  States  to  the 
point  whcAe  it  notv  is  accepted  as  a  basic  ingredient  in  the  American 
my  oi  Ziie,  Homver,  it  no  longer  enjoys  -the  unlimited  and  enthusi¬ 
astic  public  support  that  marked  the  glamour  and  excitement  of  its 
spectacular  progress,  and  noiv  must  face  the  challenges  of  society  on 
a  par  tvith  other  industries  and  services.  For  example,  public  con¬ 
cern  for  the  environmental  factors  of  noise  and  air  pollution  now  is 
having  a  major  influence  on  the  growth  of  aviation.  The  importance 
of  these  issues  on  public  acceptance  of  new  aircraft  and  new  airports 
already  has  been  recognized,  particularly  by  civil  aviation.  The 
military,  though,  has  carefully  observed  all  that  has  happened,  and 
military  R§D  efforts  are  increasing  rupidly  in  the  attempt  to  reduce 
the  noise  and  air  pollution  problems  of  aircraft  operation. 

•  Second,  the  problem  of  **congestion”  on  the  nation^s  ainxiys 
and  in  airport  terminal  areas  caused  by  increasing  air  traffic  has 
impacted  significantly  on  civil  airline  operations.  Although  the 
military  always  has  been  concerned  with  the  many  aspects  of  flight 
operations  in  tactical  and  strategic  operating  situations,  the  devel¬ 
oping  problem  in  civil  airways  congestion  is  adding  a  new  dimension 
to  the  total  problem  of  air  traffic  control.  The  need  for  a  joint 
Approach  in  achieving  its  solution  should  further  enhance  coordination 
between  military  and  civil  aviation  in  undertaking  work  on  other  prob¬ 
lems  of  common  interest. 

•  Third,  modern  aircraft,  whether  military  or  civilian,  have 
become  increasingly  complex  and  sophisticated  in  the  drive  for  im¬ 
proved  performance  and  higher  productivity.  This,  in  turn,  has  led 
to  parallel  increases  in  cost  and  acquisiton  time.  As  a  result,  and 
because  the  availability  development  funding  has  not  risen  at  the 
same  rate,  the  trend  has  bf'on  to  fewer  new  aircraft  programs.  Unless 
the  availability  of  development  dollars  is  substantially  increased, 
or  unless  performance  demands  or.  new  aircraft  are  substantially 
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changed,  it  is  expected  that  this  trend  will  continue.  Planning  for 
new  aircraft  development  must  accosnodate  the  realities  of  increasing 
cost,  longer  acquisition  schedules,  and  a  reduction  in  the  number  of 
new  aircraft  program  starts. 

#  fou/ith,  the,  amount  of  acfionautical  R^P  iuncUng  l6  ^ub^tan- 
tial  and  fm  beat  Atstng  ^teadUy  oveA  the  yeaA6.  When  economic 
t6caiatlon  iactoA6  one.  applied,  a  6JUyht  nJUe,  ht  puAdming  pou)eA  l& 
ItUJi  evident,  though  not  06  gheat*  However,  whenever  aeronautical 
R^D  funding  is  conq[>ared  to  the  Gross  National  Product,  to  total 
expenditures  for  Government  RW>,  or  to  increases  in  aircraft  develop¬ 
ment  and  production  costs,  the  trends  are  unfavorable,  and  the  pro- 
fortionate  balances  are  not  maintained.  Aeronautical  R§D  funding, 

as  a  percentage  of  the  GNP  or  as  a  portion  of  total  Government  fund¬ 
ing  for  R^D,  is  on  a  downward  trend. 

#  Ft{th,  thene,  nono  oAe.  majoK  tiuJUtoAy  AnteAejU6  tn  ^hoAt-haut 
tAOMpoAt  de\felopment,  both  in  the.  STOL  and  VTOL  oAeas^  The  Advanced 
Medium  STOL  Transport  prototype,  thi  planned  Heavy  Lift  Helicopter, 
the,  demonstrator  and  prototype  engirds,  and  related  research  and 
development  programs  are  manifestations  of  these  interests.  These 
military  programs,  providing  they  continue,  should  yield  many  spin¬ 
off  benefits  to  civil  aviation  in  the  aircraft  portion  of  the  short- 
haul  transportation  system. 

#  Sixth,  the.  cuAAcnt  absence  a  iJUm  mitUoAy  nzed  icA  a 
new  long-haul  tAantpoAt,  eithen  high  6ub6onic,  tAansonic,  CA  sapcA- 
6onic,  could  significantly  impcct  the  technology  and  development  base 
that  histoAically  nos  existed  in  the  long-haul  oAea,  Although  the 
military  "research  and  technolegy"  base  is  being  maintained,  the 
depth,  relevancy,  and  capability  of  the  "development"  base  in  long- 
haul  aircraft  could  erode  and  decline. 
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#  And  finally,  any  deoAease  in  the  cuAAen^L  Aelevancy  mill-  j 
toAy  aenonowUcal  haAduuAe  to  the  needs  of  civil  aviation  could  add  i 
even  fuAtheA  to  the  alAeady  incAeasing  costs  of  civil  oiAlineA  devel-  i 
opment.  As  shown  in  this  report,  these  costs  have  risen  dramati- 

ically,  and  cannot  help  but  be  major  considerations  in  any  new  air-  I 
liner  development  and  production  programs  that  are  undertaken.  | 


FINDINGS 

The  findings  of  the  RADCAP  Study  are  listed  below:  | 

•  I 

#  GoveAment  sponsoAship,  pAimAily  militoAy,  has  pAovided  \ 

most  of  the  significant  technological  advances  that  have  been  made  | 
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ivi  li.S.  au^ottcon.  During  the  time  period  covered  by  this  report, 
from  1925  to  1972,  the  military  has  provided  the  funding  support  for 
about  70  percent  of  the  technological  advances  assessed  as  being  most 
significant  by  the  Study  Team.  Government  civilian  agencies  have 
funded  about  20  percent  of  them,  and  the  private  sector  has  supported 
the  remainder. 

^  IcnZy  rtuJUJjixJiy  apptccation  t^chnvlog^ccal  advances  ^ 
ciccomptc6fUng  the,  m>t64>coit  hiu  pnjovXdod  tkz  bcL&^  thoAA 

acczptawiz  and  U6Z  -oi  avAjOLtion.  The  military  was  first  to  use 

about  three-fourths  of  the  advances  discussed  in  this  report.  This 
reflects  an  emphasis  by  the  military  on  aircraft  mission  performance 
and  a  willingness  to  accept  some  risk  in  achieving  this  performance. 

It  also  reflects  the  stress  of  civil  transport  aviation  on  safety  and 
passenger  comfort,  as  well  as  the  tendency  to  use  new  hardware  and 
equip-aent  only  after  it  has  been  proven  and  demonstrated  in  military 
aircraft  systems. 

•  0tk2A  bomu  zii2Xit6,  ofi  bznziAt6,  oi  mUJjtoJiy  a^o- 

nauXlcjoJi  RSV  have  been  zxtcm^vz  -  manaiacXufUng  tzchnoiogy  and  tzch- 
n^ue6,  production  meXkod6,  tooting,  and  plant  and  tz6t  iacAJUtiz&» 

The  availability  and  use  of  military  ground  and  flight  test  facili- 
ities,  for  example,  have  been  very  important  to  growth  and  progress 
in  civil  aviation. 

•  The  mtUMuy  acnonaaticaZ  RSV  program,  In  support  oi  dcioMc 
objectives,  mil  continue  to  be  substantial.  This  is  reflected  in 
the  military  aeronautical  R§D  funding  and  program  discussions  of  this 
report.  The  question  of  the  ’’adequacy*'  or  ’’sufficiency”  of  this  pro¬ 
gram,  however,  for  either  military  or  civilian  aviation  R§D  needs, 
was  not  addressed  in  this  study. 

•  The  reSQ^ch  a^  technology  gemrated  by  the  mJiZitxviy  RSV 
progAom  (oJJZ  continue  to  be  avatiable  ior  civil  aviation  application, 
essentially  as  In  the  past.  With  the  possible  exception  of  large, 
long  range,  transonic  and  supersonic  cruising  aircraft,  the  relevancy 
of  the  military  aeronautical  technology  base  to  the  R5D  needs  of  civil 
transport  aviation  is  high,  and  the  spin-off  benefits  of  military 
technology  should  continue  to  be  important  and  significant. 

•  The  be/ip.ilts  accru^ing  to  civil  aviation  ^rom  the  military 
sponsored  devet/pment  and  production  base,  hoioever,  have  decreased 
In  both  relevayuce  and  Importance,  As  a  result  of  the  decrease  in  the 
number  of  new  military  aircraft  development  and  production  programs, 
particularly  in  those  of  the  large  transport  and  large  bomber  cate¬ 
gories,  the  "direct”  transfer  of  hardware  and  equipment  from  military 
to  civil  application  that  marked  the  early  and  mid-Fifties  has  changed 
to  the  ’’bits  and  pieces"  transfer  process  of  today. 
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#  Jn  ^honX-hauZ  t/LOinipoKtaX^n,  homveA,  tko,  domiva/id  Xxmi 
^  the  koAdimAe  tAan6£eA  pAoce66  6hoi^Zd  AeveA&e,  and  Kete- 
vancy  should  begin  to  -tmpJiove.  This  assessp^at  is  based 
on  the  relatively  large  number  of  military  R§D  activities 
now  in  progress  in  this  area^  and  assumes  that  the  current 
programs,  particularly  the  prototype  aircraft  and  engine 
programs,  will  continue  to  completion. 

•  In  long-haul  tnanipoAtation,  tittle  change  to  the  cu/i/cent 
Aelevancy  6tatLL6  t6  foAeca^t.  Unless  something  new  or 
significant  should  occur,  the  ‘•ransfer  of  hardware  and 
equipment  probably  will  remain  at  the  low-to-moderate 
levels  of  today. 


BIBLIOGRAPHY 


1.  The  Technical  Developroent  of  Modem  Aviation;  Ronald  Miller 
and  David  Sawers;  1968;  Rout ledge  and  Kegan  Paul  Limited, 

London. 

2.  The  American  Heritage  History  of  Flight;  By  the  Editors  of 
American  Heritage  magazine;  Published  in  1962  by  the  American 
Heritage  Publishing  Co.,  Inc.;  Book  trade  distribution  by 
Simon  and  Schuster,  Inc.,  New  York. 

3.  Civil  Aviation,  A  Report  by  the  Joint  Committee  on  Civil 
Aviation  of  the  U.  S.  Department  of  Commerce,  and  the  American 
Engineering  Council;  1926;  McGraw-Hill  Book  Company,  Inc., 

New  York. 

4 .  Chronicle  of  the  Aviation  Industry  in  America,  1903-1947 ;  1948; 
Prepared  for  Private  Circulation  by  the  Eaton  Manufacturing  Co. , 
Cleveland. 

5.  The  Jet  Aircraft  of  the  World;  William  Green  and  Roy  Cross; 

1955;  Hanover  House;  Garden  City,  N.  Y. 

C.  Frontiers  of  Flight,  The  Story  of  NAL\  research;  George  W, 

Gray;  1948;  Alfred  A.  .Knopf;  New  York. 

7.  Joint  DOT-NASA  Civil  Aviation  Research  and  Development  Policy 
Study  Report;  March  1971;  DOT  TST-10-4/NASA  SP-265;  Department 
of  Transportation  and  National  Aeronautics  and  Space  Administra¬ 
tion;  Washington,  D.  C. 

8.  Vehicle  Technology  for  Civil  Aviation,  The  Seventies  and  Beyond; 

A  Conference  held  at  Langley  Research  Center,  Hampton,  Virginia, 
Novemb'T  2-4,  1971;  Published  in  1971  by  the  National  Aeronautics 
and  Space  Administration  (NASA  SP-292) ;  Washington,  D.  C. 

9 .  The  National  Aviation  System  Plan,  Ten  Year  Plan  1972-1981; 
Department  of  Transportation,  Federal  Aviation  Administration; 
March  1971;  U.  S.  Government  Printing  Office,  Washington,  D.  C. 

10.  rhe  National  Aviation  System  Policy  Summary,  1971;  Department  of 
Transportation,  Federal  Aviation  Administration;  March  1971; 

U.  S.  Government  Printing  Office,  Washington,  D.  C. 

11.  Fifty  Years  of  Aeronautical  Research;  U.  S.  Government  Printing 
Office,  Washington,  D.  C. 


-  1 


M'tut'M-  fse^.-  > 


K 


12. 

13. 

14. 

15. 


16. 


17. 


18. 


19. 


20. 


21. 


The  Aircraft  of  the  World; 
Garden  City,  New  York. 


1965;  Doubleday  and  Company,  Inc., 


The  SST  and  the  National  Interest  (SST  White  Paper);  revised 
4  February  1971;  a  presentation  by  William  M.  Magruder,  Director, 
Sup -rsonic  Transport  Development,  Department  of  Transportation. 

The  World* s  Airliners}  Peter  W.  Brooks i  1962;  Putnam  and  Company 
Unlimited;  London. 

The  Test  Facility's  Role  in  the  Effective  Development  of  Aero¬ 
space  Systems;  Dr.  James  G.  Mitchell;  September  1971;  published 
as  AFSC-TR-71-01 ;  Headquarters  Air  Force  Systems  Command, 

Andrews  AFB,  Washington,  D.  C. 

American  Combat  Planes;  Ray  Wagner;  revised  edition  1968, 
Doubleday  and  Company,  Inc.,  Garden  City,  New  York. 

Fiscal  Year  1972  Authorization  for  Military  Procurement,  Research 
and  Development,  Construction  and  Real  Estate  Acquisition  for 
the  Safeguard  ABM  and  Reserve  Strengths,  Hearings  before  the 
Committee  on  Armed  Services,  United  States  Senate,  Ninety-Second 
Congress,  First  Session,  March  1971. 

Military  Posture  and  Authorizing  Appropriations  for  Aircraft, 
Missiles,  Naval  Vessels,  etc.,  -  1971  (Part  2),  Hearings  before 
the  Committee  On  Armed  Services,  House  of  Representatives,  Ninety 
Second  Congress,  First  Session,  March  1971. 

L jpartment  of  Defense  Appropriations  for  1972,  Hearings  before  a 
Subcommittee  of  the  Committee  on  Appropriations,  House  of  Repre- 
sentatives,  Ninety-Second  Congress,  First  Session,  June  1971. 

Interagency  Aircraft  Noise  Abatement  Program,  Noise  Research 
Panel;  National  Aeronautics  and  Space  Administration,  February 
25,  1971. 

Research  in  Aeronautics  and  Space;  Langley  Research  Center, 
National  Aeronautics  and  Space  Administration;  Revised  November, 
1971. 


22.  Military  Aeronautical  R  and  D  Contributions  to  Civil  Aviation 
J.  S.  Attinello  ;  presented  at  AIAA  6th  Annual  Meeting  and 
Technical  Display,  October  1969. 

23.  Air  Transportation  and  Society,  Volume  One,  Conference  Summary 
AIAA  Conference  Sponsored  by  the  Federal  Aviation  Administration, 
June  1971. 


^2 


24.  "Defense  Teclmology;  Benefits  to  Industrial  Progress," 

Dr.  D.  M.  MacArthur;  Defense  Industry  Bulletin;  August  1970. 

25.  "Pointing  the  Way  for  Air  Transport  Technology,"  Astronautics 
and  Aeronautics;  October  1971. 


26.  Aeronautical  Research  and  Development  Policy,  Report  of  the 
Committee  on  Aeronautical  and  Space  Sciences,  United  States 
Senate,  Senate  Report  957,  90th  Congress,  2nd  Session, 

January  31,  1968. 

27.  Issues  and  Directions  for  Aeronautical  Research  and  Develop¬ 
ment  ,  Report  of  the  Subcoin!iiittee  on  Advanced  Research  and 
Technology  of  the  Committee  on  Science  and  Astronautics,  U.  S. 
House  of  Representatives,  House  Report  91-932,  91st  Congress, 
2nd  Session,  March  23,  1970. 

28*  Boeing  Aircraft  Since  1916:  Peter  M.  Bowers;  1966;  Putnam 
and  Company  Ltd;  London. 

29 .  United  St^^tes  Navy  and  Marine  Corps  Fighters:  1918  -  1962; 

Paul  R.  Matt;  1962;  Harleyford  PuDlications  Limited;  Letch- 
worth,  Herts.,  England. 

30.  United  States  Army  and  Air  Force  Fighters:  1916  -  |961: 

K.  S.  Brown  et  al;  1961;  Harleyford  Publications  Limited; 
Letchworth,  Herts.,  England. 

31.  The  Plane  That  Changed  the  World:  Douglas  J.  Ingells;  1966 
Aero  Publishers,  Inc.;  Fallbrook,  California. 

32.  Revolution  in  the  Sky:  Richard  Sanders  Allen;  1564;  The 
Stephen  Greene  Press;  Brattleboro,  Vermont. 

33.  U.S.  Bombers:  B-1  -  B-70;  Lloyd  S.  Jones;  1962;  Aero 
Publishers;  Fallbrook,  California. 


//-3 


RAttCAE-glUDI.  QRfiAtilZATIfili 


STEERING  GROUP 


Thomas  C.  Muse*  Chairman 
Laurence  K.  Loftin,  Jr. 

Clotaire  Nood/Richard  Wisniewski 
Allan  C.  Butterworth 


DoD/DDR§E 

DoD/SAFRD 

NASA 

Dot 


WORKING  GROUP 

Col  John  G.  Paulisick 
James  E.  Singer 
Carl  L.  Meyer 
Philip  Donely 
Charles  C.  Troha 


WORKING  GROUP  ADVISORS 

J.  Arthur  Boykin,  Jr. 

John  E.  Short 
John  S.  Attinello 

WORKING  GROUP  PANEL  CHAIRMEN 

Propulsion  and  Power 

Charles  R,  Hudson,  Jr. 

Meteorology 

Maj  James  B.  Gebhard 
Robert  E.  Dean  (Alternate) 

Avionics 

Richard  J.  Framme 
Materials 
Albert  Olevitch 

Human  Factors/Aviation  Medicine 
Dr.  Walter  F.  Grether 


DoD/USAF(AFSC/ASD) 
DoD/USAF(AFSC/ASD) 
NASA/Lewis 
NASA/ Lang ley 
DoT 


DoD/USAF(AFSC/ASD) 

DoD/USAF(AFSC/ASD) 

IDA 


DoD/USAF(AFSC/AFAPL) 

USAF/AFSC  (ASD/WE) 
USAF/AFSC  (ASD/WE) 

DoD/USAF(AFSC/ASD) 

DoD/USAF(AFSC/AFML) 


DoD/USAF(AFSC/AMRL) 


